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PREFACE.

————

A rEw words are neceseary to explain the Jomt suthorslnp
of the present volume.

My friend and teacher, Professor Huxley, having becn for
a considerable time engaged in the preparation of an element-
ary work on Physiology, at such brief intervals as he could
snatch from his laborious scientific researches, and it having
been suggested to him that its republication in this country
might be deéirable, he confided the early sheets of the work to
me, to make such additions of matter and modifications of
form as‘n_xight be thought proper to adapt it to the circum-
stances and requirements of American education. This I have
" done to the best of my judgment by contributing eight chap-
ters to the present edition: the first, on the relation of Physiol-
ogy to the other sciences; and the last seven, forming Part II.,
which treats briefly of geheral Hygiene, or the application of
the principles of Physiology to the art of preserving health, I
have also numbered the paragraphs of the work continuously,
prefixed headings to them, and appended a set of questions to
the whole.

His aim in the preparation of the Physiology, and its lead-
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ing and most important characteristics, are thus described by
Prof. Huxley :

“My object in writing it has been to set down, in plain
and concise language, that which any person who desires to
become acquainted with the principles of Human Physiology
may learn, with a fair prospect of having but little to unlearn
as our knowledge widens.

Tt is only by inadvertence, or from an error in judgment,
therefore, that the work contains any statement, or doctrine,
which cannot be regarded as the common property of all
physiologists, I have eadeavored simply to play the part
of asicve, and to separate the well-established and the essen-
tial from the doubtful and the unimportant portions of the
vast mass of knowledge and opinion we call Human Phys-
iology.”

That there was imminent need of the performance of this
task by some able hand, a critical examination of our popular
text-books of Physiology will abundantly attest. But it is
not to be inferred that this has been done by merely collating
old views which have long passed current, and neglecting the
results of the most recent inquiry, In true science, the essen-
tial progress of which consists in the rigorous sifting and veri-
fication of opinions, the latest knowledge is ever the clearest
and the ripest. It will therefore be found that, while Prof.
Huxley’s work inexorably winnows away the chaff of discred-
ited doctrine and doubtful speculation, it nevertheless em-
bodies the valid and established results of the latest investiga-
tions, and may therefore be accepted as a brief exposition of
the actnal present state of knowledge upoun the subject.

Probably, the most important advance which has been
lately made in the field of science consists in the establish-
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ment of the great principle of the correlation and conserva-
tion of forces. Accordingly, regarding Physiology as strictly
‘the science of vital actions or living forces, Prof. Huxley
tacitly conforms the whole plan of his work to this funda-
mental principle. Committing himself to no unsettled theo-
ries respecting the transformations of emergy, he neverthe-
Jess views the living organism dynamically, as a problem of
the disturbance and restoration of equilibrium between the
receipt and expenditure of matter and force. The functions
of alimentation, circulation, respiration, and secretion, and the
exercise of physical and mental power, are considered in the
Ilight of losses and gains to the system, and with constant
reference to the physiological balance of forces.

Another marked and important feature of Prof. Huxley’s
work is the style in which it is written. With plainness and
concision of language he has attained an admirable compres-
sion of statement by which a large body of facts and principles
is brought within the narrowest compass of lucid presentation.
‘While excessive simplification and expansion of style may be
suited to scientific works designed for merely popular reading,
the case is different with a class-room manual intended for syste-
matic study. Here the object is not only to inform the under-
standing, but to call out and discipline the powers of the mind
through continuous efforts of thought. Prof. Huxley’s elemen-
tary treatise, while it embodies an amount of physiological
science such as every educated person ought to possess, will also

~ befound in its concentration of thought and compactuess of ex-
pression well adapted for the higher purposes of mertal culture.

My own additions to the volume have been made in
response to a growing demand that the subject of Hygiene,
in both its bodily and mental aspects, shall receive. increasing
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attention in general education. I trust that the acknowledged
importance of this subject, as well as the advantage of dealing
with it separately, after the Physiology has been mastered,
will in some degree promote the favorable reception of the
work by the teachers of the country.

I take this occasion to express thanks to my brother, Dr.
E. L. Youmans, for superintending the passage of the work
through the press, and for various important suggestions ; and
also to Dr. Wm. A. Hammond, of New York, for having
kindly read the proofs of the closing chapter on Mental

Hygiene,
Ww.J Y.

Srate NorMaL ScHoor, WiNoNA, MINN.,
October, 1867.
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PART L
ELEMENTARY PHYSIOLOGY.

CHAPTER I

RELATIONS OF PHYSIOLOGY TO OTHER BRANCHES OF SCIENCE.

INTRODUCTORY.
Scrion 1.—Nature of Scientific Knowledge.

1. How it Originates.—Physiology is one of the braunches
of Science, and we cannot better commence its study than by
forming clear ideas of the general nature of science itself, and
of the relations which this branch of it bears to its other parts.
By mapping out the family of Sciences to which Physiology
belongs, and upon which it depends, we may get a definite
conception of its position and relations in the group: to this
the present chapter will be devoted.

- Man has been called the Interpreter of Nature, and Science
defined as its right interpretation. But the true interpretation
of Nature is a slow and difficalt work. There is a curiosity in
the human mind to seck explanations and understand the rea-
sons and causes of things; but at'first its questions are put at
random and answered vaguely, and knowledge is then rude and
imperfect. With increasing experience questions are put more
sharply and go deeper, and then come clearer explanations and
a better understanding of things.. In this way knowledge upon
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many subjects grows to be more and more perfect ; and when
it becomes so accurate and surc that it is capable of being
proved to persons of suitablo intelligence, it is called science.
The science of any subject is the highest and most exact
knowledge upon that subject.

2. The Order of Nature.—That which makes science pos-
sible ia the regularity of Nature's order, and it is only possible
so far as that order can be traced. All the appearances and
effects of Nature with which we can become acquainted are
known as Phenomena ; those which exist together constitute
the order of Coerxistences; those which follow each other in a
regular succession form the order of Seguences. Thus all the
various parts of the human body, as bones, blood-vessels,
nerves, and fluids, and its simultancous operations, as of breath-
ing, digestion, circulation, constitute its coexistences; while the
succession of its numerous actions and effects, as for examplec the
agreeable feeling and renewed strength which follow the taking
of food, constitutes its sequences, A scientific inquiry into the
order of Nature, therefore, resolves itself into an investigation of
the relations of coexistence and sequence among all objects, while
each science is a statement of the coexistences and sequences
of some particular part of Nature. If there are any subjects
which have no coexistences and no sequences ascertainable
by the human mind, those subjects are incapable of becoming
sciences.

8. Connection of the Sciences.—Science is thus the most
perfect knowledge of Nature in all her aspects. But the parts
of Nature are intimately connected in one great whole; there-
fore the sciences which give an account of Nature must also be
intimately connected together. They overlap and interlace in

" the closest manner, so as to be in a very great degree mutually
dependent.on each other. To understand any one of them, it
is therefore important to have some knowledge of the others
most nearly related to it, and upon which it essentially de-
pends.
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SectioNn IL—The Preparatory Sciences.

4. Mathematics.—The least dependent of all the sciences,
and at the same time the simplest and the easiest, is that which
considers the number and the forms, or shapes of objects, and
this is Mathematics, or the science of quantity. We cannot
think of things except as having form or outline, and the
science which deals with forms and their relations is termed
Geometry; mor can we think of them except as one or many—
that is, as being numbered, and a knowledge of the combina-
tions and relations of numbers constitutes the science of Arith-
metic. So simple, clear, and definite are these ideas that they
may actually be considered apart from the things to which they
apply, so that arithmetic can deal, as it were, with pure num-
bers rather than with things numbered, and geometry with
space rather than the objects contained in space. The ideas
may be thus abstracted from the realities, hence mathematics is
known as the most abstract of the sciences; and as the ideas
with which it deals are few, it has been carried to the highest
perfection of any science.

As in all other sciences we have constantly to use mathe-
matical ideas, a certain amount of clementary arithmetic and
geometry is useful and important as a preparation for this kind
of study.

5. Physics.—The science  which comes next is that which
passes to the actual study of things ; which goes from ideas of
number to those of the objects numbered; from the notion of
space to that which occupies space, or which adds to mathe-
matical conceptions those of matter and force. It considers
the universal and .essential propertics of matter, the forces
which act on it to produce motion, and the resulting laws of
motion. This branch of science 1s called Physics or Natural
Philosophy, and treats of the resistance, weights, pressures,
mutual attractions, and general properties of material bodies.
It is not so simple as mathematics, yet the conceptions with
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which it deals are so few that it has been worked out to a con-
siderable degree of perfection.

8. Chemistry.—If there were only onc kind of matter in
the universe, as iron or sulphur, there could still be a science of
pbysics. Baut there is a large number of elementary bodies in
Nature which combine intimately .together in various propor-
tions and give rise to that infinite diversity of material sub-
stances which we see around us. . These all have the general
physical properties, but they have also certain special and pecu-
liar properties which are different in different kinds of matter.
The knowledge of these givesrise to the science of chemistry,
which treats of substances as simple or compound, how they
are constituted, and how they act upon and change cach other.
But a knowledge of the universal and constant properties of
bodies should precede the study of the more special and vari-
able properties; hence physics prepares for chemistry. The
ideas which pertain to chemistry are far more numerous and
complex than those of physics, and accordingly chemistry is
much more backward than physics in its development.

Skcrion IIL—7he Biological Sciences.

7. Biology.—All the objects of Nature may be divided into
two great classes—the living or the organic, and the not-living
or the inorganic. Biology is the name of that comprchensive
science which treats of living matter and living things in all
their grades, forms, and varieties. But in entering the field of
biology we do not begin anew ; we carry with us a stock of '
mathematical, physical, and chemical conceptions. 'We bave
still to deal with numbers and forms, with the motion and rest
of masses, and with the composition and internal changes of
substances, These are indispensable keys to biological phe-
nomena, and not an intelligent step can be taken without them ;
but there is also a new order of ideas which is peculiar to this
great field of thought, as those of organic structure; vital func-
tion, growth, development, waste and repair, ‘alimentation,
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reproduction, &c. Biological subjects are therefore far more
difficult to investigate, and are incapable of the exactness
which belongs to the inorganic sciences; still they comprise a
great body of certain and most valuable knowledge.

8. Divisions of Biology.—The first division of Biology is
that which everybody recognizes—the division into plants and
animals, which gives rise to the two sciences of Botany and
Zoology. But while this division is most obvious and
natural, it does not answer the full purpose of scientific classifi-
cation, which aims to group together all phenomena of the
same kind, thus avoiding repetition in their treatment. Every
living being, whether plant or animal, presents the same series
of questions for consideration ; vegetable-biology would there-
fore be simply going over again the inquiries of animal-biology.
These inquiries may be arranged into four groups, giving rise
. to four fundamental divisions of biological science.

9. Morphology.—This word, in its derivation, signifies the
doctrine of forms. Applied to the organic world it is that
division of Biology which treats of the forms or structures of
living beings. It has several branches. For example, no living
being is throughout of homogeneous substance; the most of
them are highly complex, from the union of many dissimilar parts.
The statement of this structure constitutes Anatomy, and if it
is carried down to the minutest microscopical clements of the
organism, it is known as Histology.

Again, no living being retains the same form and size
throughout the course of its existence, but all grow, or pass
through a series of changes, sometimes simple, sometimes very
complicated, and the statement of these changes of form consti-
tutes the branch of Morphology termed Development.

Furthermore, when the structure and development of any
number of plants or animals have been ascertained, the question
then arises of their resemblances and differences. Thus the
panther and the cat are more like each other then either is like
the dog; but they and the dog are more like each other than
either-is like the sheep; while sheep, dog; and cat resemble
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each other more than either does a fowl. In this way plants
and animals which resemble cach other in internal and external
characters are arranged into groups to which a common name
is applied, and this is Classification. The rude divisions of the
vegetable world into trees, shrubs, and plants, and of the ani-
mal world into beasts, birds, and ¢reeping-things, science car-
ries out in a precise and accurate manner for all the races of
living beings. Classification depends upon anatomy and de-
velopment, and is grounded upon the facts which they have
established, and the fulness with which this is done indicates
the completeness of the science of Morphology.

10. Distribution.—This is the second great division of
Biology. Very few plants or animals are found all over the
world ; most of them are restricted to limited areas of the
earth’s surface. Of terrestrial animals and plants, some are
found only at particular elevations; while of aquatic creatures, -
some are found only at certain depths. Again, great numbers
of animals and plants have existed in former periods of the
earth’s history which do not now exist, and we get a knowl-
edge of them through their fossil relics. The definition of the
range of any plant or animal under any of these conditions—
its location in space or in time—which lcads to the knowledge
of its environing circumstances, is its Distribution.

11. Phyuology —1If we suppose an animal dead and petrx-
fied, its study might still give rise to all the branches of science
hitherto enumerated. Not only would it exemplify the laws
of quantity, physical propertics, and a chemical constitution,
but also all the branches of Morphology. Its structure or
anatomy could be determined, its relations to other living be-
ings, or its place in classification, and its position in space and
in time, that is, its relations to surrotinding nature, or its distri-
bution. But when we ¢onceive of it as alive, in motion, and
undergomg changes, a new order of phenomena and a new set
of inquiries are presented, which give rise to the science of
Physiology, the third great branch of Biology.

Every living being does certain things, performs certain
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actions which are called jfunctions, and is so far to be regarded
as a.machine working toward a given end. Physiology, there-
fore, considers the living being as a machine ¢n action, and in-
quires into the uses, operations, and mutual influence of its
parts and the conditions under which its activity is maintained.
Dealing with force or power, it considers living organisms under
their dynamical aspects as Morphology regards them in their
statical aspects.

Physiology is divided into animal and vegetable physlology,
and animal physiology is again divided into Comparative Phy-
siology, which treats of the inferior races, and Human Physiol-
ogy, which considers the physiological phenomena of man.
Because many of the inferior creatures have a simpler consti-
tution, and are more accessible for purposes of investigation,
the study of comparative physiology has been a great help
to the advance of human physiology, and some knowledge of
the former is of much value in prosecuting the latter.

12. Etiology.—Physiology treats of power, of which we

know nothing cxcept in its results. It involves the idea of
causes producing effects, and is therefore a causal science,
Morphology says that in such-and-such circumstances the living
being is structured so-and-so. These are effects, and how pro-
duced it is the business of physiological research, as far as
possible, to explain. The physiology of individual life thus
expands into a broad inquiry concerning the causes of vital
phenomena in general, and the limits within which living beings
- can be affected by external conditions. This more compre-
hensive physiology is termed Ktiology, which literally signifies
-the doctrine of causes, and forms a fourth branch of biological
science. The laws of the variations of living beings, of the
‘modifications: of individual organisms and successions of organ-
-isms, and of ‘the influence of physical agencies on their posi-
-tion in space or their persistence in time, or the “ dynamies of
distribution,” as it has been called, belong to this division of
the gencral subject. It is the most complicated and-least per-
fect of all the branches of Biology.
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13. Claims of Physiological Study.—There are two classes
of reasons why Physiology should be well studied by all who
aspire to be in any tolerable degree educated. The first is, that
it is a part, and a most important part, of the great order of
Nature which the human mind is adapted to understand. The
first duty of a rational being is to cultivate in the best manuner
possible the higher powers of his nature, and in no way can
this be done so well as by studying the plan of Nature, which
1s full of harmony, beauty, and the highest instruction. Thou-
sands of the greatest minds that have appeared in the world
have been occupied for ages in discovering the truths of Nature,
and a large amount of the most valuable and interesting knowl-
edge has thus been reached, of which past geuerations knew
little, and the acquisition of which is the noble privilege of the
present time. Is it right that all this vast research which has
employed the genius of ages should go for nothing in education
—that all this wealth of knowledge should be passed by as if it
bad no existence, and the young people of this country grow
up as ignorant of it as if they had lived a dozen centuries ago?

14, Applied Physiology—Hygiene.—Another and an im-
perative reason for studying Physiology is, that it opens to us a
-true understanding of our own natures. It teaches us how to
take ‘care of ourselves, to preserve health, to economize strength,
and to improve and invigorate all our faculties. A large
amount of the suffering of life comes from self-exposure and
self-abuse, which take numberless forms. These may be avoid-
ed through proper knowledge conscientiously applied. The
truths of Physiology should therefore be inculcated and en-
forced early and earnestly, and with the emphasis of high reli-
gious duty. , : o

Physiology treats of the laws of the human constitution in
a state of health; but so important is the application of physio-
logical principles to the art of preserving health and preventing
disease, that a second part has been added to the present work,

-treating definitely and separately of this application, the princi-
ples and rules of which constitute the art of Hygiene. .
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CHAPTER II.

A GENERAL VIEW OF THE STRUCTURE AND FUNCTIONS OF
THE HUMAN BODY.

15. How bodily Actions are Studied.—The body of a liv-
ing man performs a great diversity of actions, some of which
are quite obvious; others require more or less careful obser-
vation; and yet others can only be detected by the employ-
ment of the most delicate appliances of science.

Thus, some part of the body of a living man is plainly
always in motion. Even in sleep, when the limbs, head, and
eyelids may be still, the incessant rise and fall of the chest con-
tinue to remind us that wo are viewing slumber and not death.

But a little more careful observation is needed to detect the
motion of the heart; or the pulsation of the arteries; or the
changes in the size of the pupil of the eye with varying light;
or to ascertain that the air which is breathed out of the body
is hotter and damper than the air which is taken in by
breathing. :

And lastly, when we try to ascertain what happens in the
eye when that organ is adjusted to different distances; or what
in a nerve when it is excited ; or of what materials flesh and
blood are made ; or in virtue of what mechanism it is that a
sudden pain makes one start—we have to call into operation all
the methods of inductive and deductive logic; all the resources
of physics and chemistry; and all the delicacies of the art of
experiment,

16. Scope of Human Physiology.—The sum of the facts
and generalizations at which we arrive by these various modes
of inquiry, be they simple or be they refined, concerning the
" actions of the body and the manner in which those actions are
brought about, constitutes the science of Human Physiology.
An elementary outline of this science, and of so much anatomy
as is incidentally necessary, is the subject of the following



20 ELEMENTARY PHYSIOLOGY.

chapters, of which I shall devote the present to an account of
so much of the structure and such of the actions (or, as they
arc technically called, “functions™) of the body, as can be
ascertained by easy observation, or might be so ascertained
if the bodies of men were as casily procured, examined, and
subjected to experiment as those of animals.

Secrion L— Work and Waste.
17. Bodily Loss or Expenditure.—Suppose a chamber

with walls of ice, through which a current of pure ice-cold air
passes, the walls of the chamber will of course remain un-
melted. , . :
Now, having weighed a healthy living man with great care,
let him walk up and down the chamber for an hour. In doing
this he will obviously exercise a great amount of mechanical
force, as much, in fact, as would be required to lift and push
bhis weight through the distance which he bas raised himself at
every step, and transported himself by all his steps. Baut, in
addition, a certain quantity of the ice will be melted or con-
verted into water, showing that the man has given off heat in
abundance. Furthermore, if the air which enters the chamber
be made to pass through lime-water, it will cause no cloudy
white precipitate of carbonate of lime, because the quantity of
carbonic acid in ordinary air is so small as to be inappreciable
in this way. But if the air which passes out is made to take
the same course, the lime-water will soon become milky, from
the precipitation of - carbonate of lime, showing the -presence
of carbonic acid, which, like the heat, is given off by the man.

Furthermore, even if the air be quite dry as it enters the
chamber, that which is breathed out of the man, and that which
is given off from his skin, will exhibit clouds of vapor, which
vapor, therefore, is derived from the body.

After this experiment has continued for a longer or a short-
er time, let the man be released and weighed once more. He
will be found to have lost weight.
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Thus a living, active man constantly exerts mechanical force,
gives off keat, evolves carbonic acid and wdter, and undergoes a
loss of substance.

18, A Physiological Income indispensable.—Plainly, this
state of things could not continuc for an unlimited period, or
the man would dwindle to nothing. But long before the effects
of this gradual diminution of substance become apparent, they
are felt by the subject of the experiment in the form of the two
imperious sensations called hunger and thirst. To still these
cravings, to restore the weight of the body to its former amount,
to enable it to continue giving out heat and water and carbonic
acid at the same rate for an indefinite period, it is absolutely
necessary that the body should be supplied with each of three
things and with three only. These are, firstly, fresh air;
secondly, drink, consisting of water in some shape or other,
however much it may be adulterated ; thirdly, food, in which that
compound known to chemists as protein, and containing carbon,
hydrogen, oxygen, and nitrogen, must be contained if it is to
sustain life indefinitely ; und in which fatty and starchy or sac-
charine matters ought to be countained, if it is to sustain lifp
conveniently.

19. Forms of Excretlonl.—-Of this food a certain small
proportion of useless and indigestible material leaves the body
in the coudition in which it entered it, and without ever being
incorporated with its substance, as excrementitious matter.
Baut, under healthy conditions, and with only so much food as
is necessary, no important proportion of either protein matter,
or fat, or amylaceous, or saccharine food leaves the body by
this or any other channel. Almost every thing that leaves the
body, in fact, does so either in the form of water, or of carbonic
acid, or of a third substance called urea, and of certain com-
paratively unimportant saline compounds.

20. Absorption of Oxygen.—Chemists have determined
that these products which leave the body and are called ezcre-
tions, contain, if taken altogether, far more oxygen than the
food and water taken into the body. " Now, the only possible
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source whence the body can obtain oxygen, except from food
and water, is the air'which surrounds it. And careful investi-
gation of the air which leaves the chamber in the imaginary
experiment described above, would show, not only that it has
gained carbonic acid from the man, but that it has lost ozygen
in equal or rather greater amount fo him.

21. Variation of the Physiological Balance.—Thus, if a
man is neither gaining nor losing weight, the sum of the
weights of all the substances above enumerated which leave
the body, ought to be exactly equal to the weight of the food
and water which enter it, together with that of the oxygen
which it absorbs from the air. And this is proved to be the case,

Hence it follows that a man, in health, and “ neither gain-
ing nor losing flesh,” is incessantly oxidating and wasting away
and periodically making good the loss. So that if he could be
confined in the scale-pan of a delicate spring balance, like that
used for weighing letters, in his average condition, the scale-
pan would descend at every meal and ascend in the intervals,
oscillating to equal distances on each side of the average posi-
tion, which would never be retained for longer than a few
minutes. There is, therefore, no such thing as a stationary
condition, and what we call such is simply a condition of varia-
tion within narrow limits—a condition in which the gains and
losses of the numerous daily transactions of the cconomy bal-
ance one another.

22. Conditions of this Balance.—Suppose this condition
of daily physiological balance to be reached, it can be main-
tained only under the condition that the quantity of the me-
chanical work done, or of heat or other force evolved, remains
absolu’oely stationary.

" Let such a physiologically balanced man lift a heavy body
from the ground, and his previous loss of weight will be imme-
diately increased by a definite amount, which cannot be made
good unless a proportionate amount of extra food be supplied
to him. . Let the temperature of the air fall, and the same re-
sult will occur, if his body remains as warm as before.
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On the other hand, diminish his exertion and lower his pro-
duction of heat, and either he will gain weight or some of his
food will remain unused.

23. Equation of Food and Force.—Thus, in a properly
nourished man, a stream of food is constantly entering the body
in the shape of complex compounds containing comparatively
little oxygen ; as constantly, the clements of the food are leav-
ing the body, combined with more oxygen. And the incessant
breaking down and oxidation of the complex compounds which
enter the body is definitely proportioned to the amount of force
the body exerts, whether in the shape of heat or otherwise:
just in the same way as the amount of work to be got out of a
steam-engine, and the amount of heat it and its furnace give
off, bear a strict proportion to its consumption of fuel.

Section II.—Outlines of the Bodily Structure.

24, Structure of the Vital Mechanism.—From these gen-
eral considerations regarding the nature of life, considered as .
physiological work, we may turn for the purpose of taking a
like broad survey of the apparatus which does the work. We
have seen the general performance of the engine, we may now
look at its build.

The human body is obviously separable into head, trunk,
and limbs. In the head, the brain-case, or skull, is distinguish-
able from the face. The trunk is naturally divided into the
chest or thorax, and the abdomen or belly. Of the limbs there
are two pairs—the upper, or arms, and the lower, or legs;
and legs and arms again are subdivided by their joints into
parts which obviously exhibit a rough correspondence—thigh
and arm, leg and forcarm, ‘ankle and wrist, fingers and toes,
plainly answering to one another. And the last two, in fact,
are so similar that they receive the same name of “ digits;”
while the several joints of the fingers and tocs have the com-
mon denomination of “ phalanges.”

The whole body thus composed is seen to be bilaterally
symmetrical ; that is to say, if it were split lengthways by a
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great knife, which should be made to pass along the middle
line of both the dorsal and ventral (or back and front) aspects,
the two halves would almost exactly resemble one another.

25. The Vertebral Column.—The bisected aspect of one-
half of the body, divided in the manner described (Fig. 1),
would exhibit, in the trunk, the cut faces of thirty-three bones,
joined together by a very strong and tough substance into a
long column, which lies much nearer the dorsal than the ven-
tral aspect of the body. The bones thus cut through are called
the bodies of the vertebree. They scparate a long, narrow
canal, called the spinal canal, which is placed upon their dorsal
side, from the spacious cavity of the chest and abdomen, which
is lodged upon their ventral side. There is no direct commau-
nication between these two cavities.

26. Internal Organs.—The spinal canal contains a long
white cord—the spinal cord—which is an important part of
the nervous system. The ventral chamber is divided into the
two subordinate cavities of the thorax and abdomen by a re-
markable partition, the diaphragm (Fig. 1, D), which is con-
cave toward the abdownen, and convex toward the thorax. The
alimentary canal (Fig. 1, AL) traverses these cavities from one
end to the other, piercing the diaphragm.” So does a long double
series of distinct masses of nervous substances, which are called
ganglia, are connected together by cords, and constitute the so-
called “sympathetic ” (Fig. 1, Sz.). The abdomen contains, in
addition to these two sets of organs, the two kidneys, one placed
against each side of the vertebral column, the liver, the pan-
creas, or “sweet-bread,” and the spleen. The thorax encloses,
besides its segment of -the alimentary and sympathetic canal,
the heart in the middle, and the two lungs, one on each side.

27. The Head and Brain.—Where the body is succeeded
by the head, the uppermost of the thirty-three vertcbral bod-
ies is followed by a continuous mass of bone, which extends
through the whole length of the head, and, like the spinal
column, separates a dorsal chamber from a ventral one. The
dorsal chamber, or cavity of the skull, opens into the spinal
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canal, and contains a mass of nervous matter called the brain,
which is continuous with the spinal cord, the brain and the
spinal chord together constituting what is termed the cerebro-
spinal axis (C.S., C.S.). '

The ventral chamber, or cavity of the face, is almost en-
tirely occupied by. the pharynx and mouth, which are the
upper expanded terminations of the alimentary canal.

28. The Human Body a Double Tube.—Thus the study ot

Fig. 1, a diagrammatic section of the human body, taken vertically through the
median plane.  C.S. the cerebro-spinal nervous syster‘n; N the cavity of the nose; M
w 05’}{!: l,!l:outh s ﬁ“i; AdllQ t::e ali 1 cai repres d ]a;‘. a simple straight

3 e heart; D the ragm ; Sy. the s etic gang]

ng. 2,  transverse veniug section of the hgptaaken parallel with the linc a ;
letters as before.

. Fig. 8, a transverse section taken along the line ¢ d ; letters as before.
2
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a longitudinal section shows us that the human body is a
double tube, the two tubes being completely separated by the
spinal column and the bony axis of the skull—the dorsal tube
containing the cerebro-spinal axis; the ventral, the alimentary
caval, the sympathetic nervous system, and the heart, besides
other organs.

Transverse sections, taken perpendicularly to the axis of
the vertebral column, or that of the skull, show still more
clearly that this is the real fundamental structure of the human
body, and that the great difference between the head and the
trunk lies in the different size of the dorsal cavity relatively to
the ventral. In the head the former cavity is very large in
proportion to the size of the latter (Fig. 2); in the thorax or
abdomen, it is very small (Fig. 3).

The limbs contain no such chambers as the body and head ;
but, with the exception of certain branching tubes filled with
fluid, which are called vessels and lymphatics, are solid, or
semi-solid, throughout.

Such being the gencral character and arrangement of the
parts of the human body, it will next be well to consider into
- what constituents it may be separated by the aid of no better
means of discrimination than the eye and the anatomist’s knife.

Secrion IIL—TFe Bodily Tissues.

29. The S8kin.—With no more elaborate aids than these,
it becomes easy to separate that tough membrane which invests
the whole body, and is called the skin, or sntegument, from the
parts which lie beneath it. Furthermore, it is readily enough
ascertained that this integument consists of two portions: a
superficial layer, which is constantly being shed in the form of
powder or scales, composed of minute particles of horny mat-
ter, and is called the epidermis; and of a deeper part, the der-
mis, which is dense and fibrous. The epidermis, if wounded,
neither gives rise to pain nor bleeds. The dermis, under like
circumstances, is very tender, and bleeds freely. A practical
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distinction is drawn between the two in'shaving, in the eourse
of which operation the razor ought to cut only epidermic struc-
tures ; for if it go a shade deeper, it gives rise to pain and
hamorrhage.

30. Mucous Membranes.—The skin can be readily encugh
removed from all parts of the exterior, but at the margins of
the apertures of the body it seems to stop, and to be replaced
by a layer which is much redder, more sensitive, bleeds more
readily, and is rendered moist by giving out a more or less
tenacious fluid, called mucus. Hence, at these apertures, the
integument is said to stop, and to be replaced by mucous mem-
brane, which lines all those interior cavities, such as the ali-
mentary canal, into which the apertures open. But, in truth,
the integument does not come to an end at these points, but is
directly continued into the mucous membrane, which last is
simply an integument of greater delicacy, but cousisting funda-
mentally of the same two layers, a deep, fibrous, sanguine, and
sensitive layer, and a superficial, horny, insensible, and blood-
less one, now called the epitkelium. Thus every part of the
body might be said to be contained between the walls of a
double bag, formed by the epidermis, which invests the outside
of the body, and the epithelium, its continuation, which lines
the internal cavities.

31. Connective Tissne.—The dermis, and what answers to
it in the mucous membranes, are chiefly made up by a fila-
mentous substance, which yields abundant gelatine on being
boiled, and is the matter which tans when hide is made into
leather, and which is called areolar, fibrous, or, better, connec-
tive tissue.* The last name is the best, because this tissue is
the great connecting medium by which the different parts of
the body are held together. Thus it passes from the dermis be-
tween all the other organs, ensheathing the muscles, coating the
bones and cartilages, and eventually reaching and entering into
the mucous membranes. And so completely and thoroughly

® Every such constituent of the body, as epidermis or epithelium, is called a
S tissue.”
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does the connective tissue permeate almost all parts of the
body, that if every other tissue-could be dissected away, a com-
plete model of all the organs would be left composed of this
tissue. Connective tissue varies very much in character;
sometimes being very soft and tender, at others—as in the ten-
dons and ligaments, which are almost wholly composed of it—
attaining great strength and density.

32. The Muscles.—Among the most important of the tis-
sues imbedded in and ensheathed by the conncctive tissue, are
some whose presence and action can be readily determined
during life.

If the upper arm of a man whose arm is stretched out, be
tightly grasped by another person, the latter, as the man bends
up his fore-arm, will feel a great mass which lies at the fore
part of the arm, swell and become prominent. As the arm is
extended again, the swelling vanishes.’

On removing the skin, the body which thus changes its
configuration, is found to be a mass of red flesh, sheathed in
connective tissue; and attached by the tendons, into which
that tissue passes at each end, on the one hand, to the shoulder-
bone, and on the other to one of the bones of the fore-arm.
This mass of flesh is the muscle called biceps, and it has the
peculiar property of changing its dimensions—shortening and
becoming thick in proportion to its decrease in length—by the
influence of the will as well as by other stimuli. It is by reason
of this property of muscular tissue that it becomes the great
motor agent of the body ; the muscles being so disposed be-
tween the systems of levers which support the body, that
their shortening necessitates the motion of one lever upon
another,

83. The Cartilages and Bones.—These levers form part of
the system of hard tissues which constitute the skeleton. The
softer of these are the cartilages, composed of a dense, firm sub-
stance, ordinarily known as  gristle.” The harder are the bones,
which are masses either of cartilage or of connective tissue
hardened by being impregnated with phosphate and carbonate

2—" i
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of lime. They are animal tissues which have become, in ‘a
manner, naturally petrified; and when the salts of lime are ex-
tracted, as they may be, by the action-of acids, a model of the
bone in soft and flexible animal matter remains.

No fewer than 206 separate bones are ordinarily.reckoned
in the human body. Of these, thirty-eight enter into the com-
position of the long axis, and five into that of the side walls of
the cerebro-spinal cavity. Twenty-four ribs bound the chest
laterally, twelve on each side, and most of them are connected
by cartilages with the breast-bone. In the girdle which sup-
ports the shoulder, two bones are reckoned; in that to which
the legs are attached, three. There are thirty bones in each
of the arms, and in each of the legs.

All these bones are fastened together by ligaments or by
cartilages, and where they play freely over one another a coat
of cartilage furnishes the surfaces which come into contact.
The free surfaces of those articular cartilages which enter into
a joint, again, are lined by a delicate synovial membrane, which
secretes a lubricating fluid—the synovia.

Secriox IV.—The Combination of Actions.

34, How we stand. upright.—Though the bones of the
skeleton are all strongly enough connected together by liga-
.ments and cartilages, the joints play so freely, and the ceutre
of gravity of the body, when erect, is so high up, that it is im-
possible to make a skeleton, or a dead body, support itself in
the upright position.” That position, easy as it seems, is the
result of the contraction of a multitude of muscles which op-
pose and balance one another. Thus, the foot atfording the
surface of support, the muscles of the calf (Fig. 4, I.) must con-
tract, or the legs and body would fall forward. But this ac-
tion tends to bend the leg ; and to neutralize this and keep the
leg straight, the great muscles in front of the thigh (Fig. 4, 2)
must come into play. But these, by the same action, tend to
bend the body forward on the legs; and if the body is to be
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kept straight, they.must be neutralized by the action of the
muscles of the buttocks and of the back (Fig. 4, IIL).

Fra. 4

A DIAGRAM YLLUSTRATING THE ATTACHMENTS OF SOME OF THE MOST IMPORTANT
MUSCLES WHICH KEEP TOE BODY IN THE ERECT POSTURE.

L. The muscles of ths calf. IL Those of the back of the thigh. IIL Those of the
spine which tend to keep the body from falling forward.

1. The mascles of the front of the leg. 2. Those of the front of the thigh. 8.
Those of the front of the abdomen. 4, 5. Those of the front of the neck, which tend
to keep the body from falling backward.

The arrows indicate the direction of action of the muscles, the foot being fixed.

The erect position, then, which we assume so easily and
without thinking about it, is the result of the combined and
accurately proportioned action of a vast number of muscles.

‘What is it that makes them work together in this way ?

v
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85. Relation of the Mind to the Muscles.—Let any per-
son in the erect position receive a violent blow on the head,
and you know what happens to him. On the instant he drops
prostrate in a heap, with his limbs relaxed and powerless.
‘What has happened to him? The blow may have been so in-
flicted as not to touch a single muscle of the body ; it may not
cause the loss of a drop of blood : and, indeed, if the “concus-
sion,” as it is called, has not been too severe, the sufferer, after
a few moments of unconsciousness, will come to himself, and
be as well as ever again, Cleatly, thereforo, no permanent in-
jury has in this case been done to any part of the body, least
of all to the muscles, but an influence has been exerted upon
a something which governs the muscles. And this influence
may be the effect of very subtle causes. A strong mental emo-
tion, and even a very bad smell, will, in some people, produce
the same effect as a blow. .

These observations might lead to the conclusion that it is
the mind which directly governs the muscles, but a little fur-
ther inquiry will show that such is not the case. For people
have been so stabbed or shot in the back as to cut the spinal
cord, without any considerable injury to other parts; and in
this case they lose the power of standing upright as much as
before, though their minds may remain perfectly clear. And
not only have they lost the power of standing upright under
these ‘circamstances, but they no longer retain any power of
either feeling what is going on in the legs, or, by an act of
their volition, causing motion in them.

36. The Spinal Cord converts Impressions into Move-
ments.—And yet, though the mind is thus cut off from the
lower limbs, a controlling and governing power over them still
remains in the body. For, if the soles of the disabled feet be
tickled, though no sensation will reach the body, the legs will
be jérked up just as would be the case in an aninjured person.
~ Andif a series of galvanic shocks be sent along the spinal cord,
the legs will perform movements even more powerful than
those which the will could produce in an uninjured person.
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And, finally, if the injury is of such a nature that the cord is
crushed or profoundly disorganized, all these phenomena cease;
tickling the soles, or sending galvanic shocks along the spine,
will produce no effect upon the legs. ’

By examinations of this kind carried still further, we arrive
at the remarkable result that the brain is the seat of all sensa-
" tion and mental action, and the primary source of all voluntary
muscular contraction; while the spinal cord is capable of re-
ceiving an impression from the exterior, and converting it not
only into a simple muscular contraction, but into a combina-
tion of such actions.

Thus, in general terms, we may say of the cerebro-spinal
axis that it has the power of converting impressions from with-
out into simple, or combined, muscular contractions.

87. Special Sensations.—But you will further note that
these impressions from without are of very different characters.
Any part of the surface of the body may be so affected as to
give rise to the sensations of contact, or of heat or cold; and
any and every substance is able, under certain circumstances, to
produce these sensations. But only a very small part of the
body is competent to be affected in such a manner as to pro-
duce in us the sensations of taste or smell, of sight or of hear-
ing; and only a few substances, or particular kind of vibrations,
are able so to affect those localities. These limited parts of the
body, which put us in relation with particular kinds of sub-
stances, or forms of force, are what are termed sensory organs,
of which we have two for sight, two for hearing, two for smell,
and one, or more strictly two, for taste.

Secrion V.—DNutrition, Circulation, Ezcretion,

38. Constant Renewal of Tissues—And now that we
have taken this brief view of the structure of the body, of the '
organs which support it, of the organs which move it, and of
the organs which put it in relation with the surrounding world,
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or, in other words, enable it to move in harmony with in-
fluences from without, we must consider the means by which
all this wonderful apparatus is kept in working order.

All work, as we have scen, implies waste. The work of the
nervous system, and that of the muscles, therefore implies con-
sumption either of their own substance or of somcthing else.
And as the organism can make nothing, it must possess the
means of obtaining from without that which it wants, and of
throwing from itself that which it wastes; and we have seen
that, in the gross, it does these things. The body feeds, and
it excretes. But we must now pass from the broad fact to the
mechanism by which the fact is brought about. The organs
which convert food into nutriment are the organs of alimenta-
tion ; those which distribute nutriment all over the body are
organs of circulation ; those which get rid of the waste prod-
ucts are organs of excretion.

39. Alimentary Apparatus—The organs of alimentation
are the mouth, gullet, stomach, and intestines, with their ap-
pendages. 'What they do is to receive and grind the food; to
act upon it with chemical agents, of which they have a store ;
and in this way to separate it into a nutritious solution, and
unnutritious dregs or feces.

40. Mechanism of Distribution.—A system of minute tubes,
with very thin walls, termed capillaries, is distributed through
the whole organism except the epidermis and its products, the
epithelium, the cartilages, and the substance of the teeth, and,
on all sides, these tubes open into others, which are called arte-
ries and veins, and becoming larger and larger, at length open
into the Aeart, an organ which, as we have seen, is placed in
the thorax. During life, these tubes, and the chambers of the
heart, with which they are connected, are all full of liquid,
which is, for the most part, that red fluid with which we are all
familiar as blood.

The walls of the heart are muscular, and contract rhythmi-
cally, or at regular intervals. By means of these contractions
the blood which its cavities contain is driven in jets out of

9%
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these cavities into the arteries, and thenc¢e into the capillaries,
whence it returns by the veins into the heart again,

This is the circulation of the blood.

41, Exchanges of the Blood.—Now, the nutritive solu-
tion which is formed by the process of digestion, traverses the
thin membrane which separates the cavity of the alimentary
canal from the innumerable cavities of the vessels in the walls
of that ¢anal, and so enters the blood, with which they are
filled. 'Whirled thence by the torrent of the circulation, the
blood, thus charged with nutritive matter, enters the heart, and
is thence propelled into the organs of the body. To these or-
gans it supplies the nutriment with which it is charged; from
them it takes their waste products, and so returns by the veins,
loaded with useless and injurious excretions, which take the
form, sooner or later, of water, carbonic acid, and urea. .

42, Drainage of Waste Matters. from the Body.—These
excretionary matters are separated from the blood by the excre-
“tory organs, of which there are three—the skin, the lunys, and
the Kidneys.

Different as these organs may be in appearance, they are
constructed upon one snd the same principle. Each; in
ultimate analysis, consists of a very thin membrane, with one
face free, or in communication with the exterior of the body,
and the other in contact with the blood which has to be purified.

The excreted matters are, as it were, strained from the blood,
through this membrane, on to its free surface, and thence make
their escape.

Every one of these organs eliminates the same products,
viz,, water, carbonic acid, and urea, or some nitrogenous com-
pound of like 1mport But they eliminate them in various pro-
portions, the skin giving off much water, little carbonic acid,
and still less urea; the lungs giving off much water, much car-
bonic acid, and a minimum of urea, or ammonia (which is one
of the products of the decomposition of urea) ; the kidneys sep-
arating much water; much urea, and a minimum of carbonie acid.

48. Double Function of the Lungs.—Finally, the lungs
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play a double part, being not merely eliminators of waste, or
excretionary products, but importers into the economy of a
substance which is not exactly either food or drink, but some-
thing as important as either, to wit, ozygen. It is oxygen
which is the great sweeper of the economy ; which, introduced
by the blood, into which it is absorbed, into all the corners of
the organism, seizes upon those organic molecules which are
broken down by their work, lays hold of their elements, and
combinea with them into the new and simpler forms, carbonic
acid, water, and urea.

And in doing all this, the oxidation, or, in other words, the
burning of these cffete matters, gives rise to an amount of heat
which is as cfficient as a fire to raise the blood to a temperature
of about 100°; and this hot fluid, incessantly renewed in all
parts of the economy by the torrent of the circulation, warms
the body as a house is warmed by a hot-water apparatus.

CHAPTER III.

THE VASCULAR SYSTEM AND THE CIRCULATION.

SectioNn L—The Vascular System.

44, Capillary Vessels.—Almost all parts of the body are
vascular; that is to say, they are traversed by minute and very
close-set canals, which open into one another so as to consti-
tute a small-meshed network, and confer upon these parts a
spongy texture. The canals, or rather tubes, are provided with
distinet but very delicate walls, composed of a structureless
membrane, in which at intervals small oval bodies termed
nuclei are imbedded. These tabes are the so-called capillaries.
They vary in diameter from glssth to 145th of an inch;
they are sometimes disposed in loops, sometimes in long, some-
times in wide, sometimes in narrow meshes; and the diameters
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of these meshes, or, in other words, the interspaces between the
capillaries are sometimes hardly wider than the diameter of a
capillary, sometimes many times as wide (Figs. 5, 6, 7, 8).
These interspaces are occupied by the tissue which the capilla-
ries permeate, so that the ultimate anatomical components of
the body are, strictly speaking, outside the vessels, or extra-
vascular.

But there are certain parts which, in another and broader
sense, are also said to be extra-vascular or non-vascular. These
are the epidermis and epithelium, the nails and hairs, the sub-
stance of the teeth, and the cartilages ; which may aund do at-
tain a very considerable thickness or length, and yet contain no

Fie. 5.

Fie. 7. . Fie. 8.

TFig. 5, Capillarics of muscle: Fig. 6, Looped capillaries of the finger; Fig. 7, Capil-
e. 8 Cep ln.rlesotgthelnngps;Fig.S,Offat. e L T

vessels. However, as we have seen that all the tissues are out-
side the vessels, these differ only in degree from therest. The
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circumstance that all the tissues are outside the vessels, by no
means interferes with their being bathed by the fluid which is
inside the vessels, for the walls of the capillaries are 8o excced-
ingly thin that their fluid contents readily exude through them,
and permeate the tissues in which they lie.

45, The Smaller Arteries and Veins.—Of the capillary
tubes thus described, one kind contains, during life, the red fluid,
blood, while the others are filled with a pale, watery, or milky
fluid, termed Zymph or chyle. The blood-capillaries are contin-
ued on different sides into somewhat larger tubes with thicker
walls, which are the smallest arteries and veins.

The mere fact that the walls of these vessels are thicker
than those of the capillaries, constitutes an important difference
between the capillaries and the small arteries and veins ; for the
walls of the latter are thus rendered far less permeable to fluids,
and the irrigation of the tissues, which is effected by the capll-
laries, cannot be performed by them.

Fia. 9.

A minute artery (a), endln in (b) h;::l:’-’:’!;d th(:) J,';?:'n'.'ﬁi :apllhrle-. d. Nuclef

The most important difference between these vessels and
the capillaries, however, lies in the circumstance that their
walls are not only thicker, but that they are more complex,
being composed of several coats, one of which consists of mus-
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cular fibres (Fig. 11), which are directed transversely, so as to
encircle the artery or vein (at a, Fig. 9). This coat lics in the
middle; inside it, and lining the cavity of the vessel, is a layer
of very delicate epithelial cells (Fig. 10; Fig. 12, ¢). Outside
the muscular layers is a sheath of fibrous tissue (e, Fig. 13).
The muscular fibres themselves are flattened, spindle-shaped
bands, each with an elongated rod-like nucleus in the middle
(Fig. 11).

Fie. 10,

Fie. 11,

Fig. 10.—Epithelial cells of the arteries.
Fig. 1L.—Muscular fibres of the arteries: the middle one treated with acetic acid
shows more distinctly the nucleus a.

48. Contractility of the Vascular Fibres.—When these
fibres exercise that power of contraction, or shortening in the
long and broadening in the narrow direction, which, ns was
stated in the preceding chapter, is the special property of mus-
cular tissue, they, of course, narrow the calibre of the vessel, just
as squeezing it in any other way would do, and this contraction
may go so far as, in some cases, to reduce the cavity of the
vessel almost to nothing, and to render it practically impervious.

47, Circulating Vessels controlled by Nerves.—The state
of contraction of these muscles of the small arteries and veins
is regulated by the nerves supplied to the vessels, or, in other
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words, the nerves determine whether the passage through these
tubes shall be frec and wide, or narrow and obstructed. Thus,
while the small arteries and veins lose the function of directly
irrigating the tissues, which the capillaries possess, they gain
that of regulating the supply of fluid to the irrigators, or capil-
laries themselves. The contraction or dilatation of the arteries,
supplying a set of capillarics, comes to the same result as low-
ering or raising the sluice-gates of a system of irrigation-canals,

Fia. 12, Fie. 13,

Fig. 12.—A small artery.
Fig. 18.—A small vein, both treated with acetlc acid; a fibrous coat; d muscular
coat; ¢ epithelial coat.

48, Differences between Arteries and Veins—The smaller
arteries and veins severally unite into or are branches of larger
arterial or venous trunks, which again spring from still larger
ones, and these at length communicate by a few principal sepa-
rate arterial and venous trunks with the heart.

The smallest arteries and veins, as we have seen, are similar
in structure, but the larger arteries and veins differ widely, for
the larger arteries have walls so thick and stout that they do
not sink together when empty ; and this thickness and stout-
ness arises from the circumstance that, not ouly is the muscular
coat very thick, but that in addition a strong coat of very
elastic fibrous ‘substance is developed outside the muscular
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layer. Thus, when a large artery is pulled out and let go, it
stretches and returns to its primitive dimensions almost like a
piece of india-rubber. )

The larger veins, on the other hand, contain but little either
elastic or muscular tissue. Hence, their walls are thin, and
they collapse when empty.

This is one great difference between the larger arteries and
the veins; the otheris the presence of what are termed valves
in a great many of the veins, especially in those which lie in
muscular parts of the body.

49, Action of the Valves of the Veins.—These valves are
pouch-like folds of the inner wall of the vein. The bottom of
the pouch is turned toward those capillaries into which the.
vein opens, The free edge of the pouch is directed the other
way, or toward the heart. The action of these pouches is to
impede the passage of any fluid from the heart toward theé cap-
illaries, while they do not interfere with fluid passing in the
opposite direction (Fig. 14). The working of some of these
valves may be very easily demonstrated in the living body.
‘When the arm is bared, blue veins may be seen running from
the hand, under the skin, to the upper arm. The diameter of

Fic. 14.

- DIAGRAMMATIO SECTIONS OF VEINS WITH VALVES.

In the upﬁer, the blood is supposed to be flowing in the direction of the arrow, toward
the heart; in the lowcr, the reverse way. C capillary side; H heart side.

these veins is pretty even, and diminishes regularly toward the
hand, so long as the current of the blood which is running in
them from the hand to the upper arm is uninterrupted.

But if a finger be pressed upon the upper part of one of
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these veins, and then passed downward along it, so as to drive
the blood which it contains backward, sundry swellings, like
little knots, will suddenly make their appearance at several
points in the length of the vein, where nothing of the kind
was visible before. These swellings are nothing more than the
dilatations of the wall of the vein, caused by the pressure of
the blood on that wall, above a valve which opposes its back-
ward progress. The moment the backward impulse ceases the
blood flows on again; the valve, swinging back toward the
wall of the vein, affords no obstacle to its progress, and the dis-
tension caused by its pressure disappears (Fig. 14).

The only arteries which possess valves are the primary
trunks—the aorta and pulmonary artery—which spring from
the heart, and they will be best considered with the latter

organ.

Fia. 15.

Tuk LYMPRATICS OF TI® FRORT OF THE RI1GHT ARM.

g Lymphatic glands, or ganglia, as they aro sometimes called. These ganglia
are not to be confounded with nervous ganglia.
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50. The Lymphatics.—Besides the capillary network and
the trunks connected with it, which constitute the blood-vascular
system, all parts of the body which possess this system, except
the brain and spinal cord, the eye-balls, the gristles, tendons,
and perhaps the bones, also contain another set of what are
termed lymphatic capillaries, mixed up with those of the blood-
vascular system, but not directly communicating with them;
and, farther, differing from the foregoing in opening into larger
vessels on only one side. That is to say, they are connected
only with trunks which carry fluid away from them, there
being none which bring any thing to them. These trunks re-
semble the small veins not only in this respect, but, further, in
being abundantly provided with valves, which fully allow of
the passage of liquid from the lymphatic capillaries, but ob-
struct the flow of any thing the other way. ’

The lymphatic trunks differ from the veins; in that they do
not rapidly unite into larger-and larger trunks, which presenta
continually increasing calibre, and allow of a flow without in-
terruption to the heart ; but that, remaining nearly of the same
size, they, at intervals, enter and ramify in oval bodies called
lymphatic glands, whence new lymphatic trunks arise (Fig. 15).
In these glands the lymphatic capillaries and passages are
closely interlaced with blood capillaries. Sooner or later,
however, the great majority of the smaller lymphatic trunks
pour their contents into a considerable tube, which lies in front
of the back-bone, and is called the thoracic duct ; this opens
at the root of the neck into the conjoined trunks of the great
veins which bring back the blood from the left side of the head
and the left arm (Fig. 16).

The remaining lymphatics are connected by a common
canal with the corresponding vein on the right side. 'Where
the principal trunks of the lymphatic system open into the
veins, valves are placed, which allow of the passage of fluid
only from the lymphatic to the vein. Thus the lymphatic ves-
sels are, as it were, a part of the venous system, though, by
reason of these valves, the flnid which is contained in the veins
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cannot get into the lymphatics. On the other hand, every
facility 1s afforded for the passage of the fluid contained in the
lymphatics into the veins. Indeed, in consequence of the nu-
merous valves in the Iymphatics, every pressure on, and con-
traction of, their walls, not being able to send the fluid back-
ward, must drive it more or less forward, toward the veins,

Fre. 16

Tae Trogacio Ducr.

@ The receptacle of the chyle; b the trunk of the thoracic duct, opening into the
ﬂ:nctlon of the left jugular (f) and subelavian (g) veins; d lymphatic glands placed
.the lumbar and inte: regions ; 4 A the cut esophagus. Two veins are seen
running along beside the lower part of the thoracic duct, and just above its middle,
onie;‘ (the left) crosses under the duct and joins the other. ese are the azygos
veins.

51. The Lacteals.—The lower part of the thoracic duct is
dilated, and is termed the receptacle or cistern of the chyle (a,
Fig. 16). In fact, it reccives the lymphatics of the intestines,
which, though they differ in no essential respect from other
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lymphatics, are called lacteals, because, after a meal containing
much fatty matter, they are filled with a milky fluid, which is
termed the chyle. The lacteals, or lymphatics of the small in-
testine not only form networks in its walls, but send blind pro-
longations into the little velvety processes termed villi, with
which the mucous membrane of that intestine is beset. The
trunks which open into the network lie in the mesentery (or
membrane which suspends the small intestine to the back wall
of the abdomen), and the glands through which these trunks
lead are hence termed the mesenteric glands.

Secrion IL.— Connections and Structure of the Heart.

62. The Heart and the Great Vessels—It will now be
desirable to take a general view of the arrangement of all these
different vessels, and of their relations to the great central or-
gan of the vascular system—the heart (Fig. 17).

All the veins of every part of the body, except the lungs,
the heart itself, and certain viscera of the abdomen, join to-
gether into larger veins, which, sooner or later, open into one
of two great trunks (Fig. 17, V.C.8. V.C.1) termed the supe-
rior and the inferior vena cava, which debouch into the upper
or broad end of the right half of the heart.

All the arteries of every part of the body, except the lungs,
arc more or less remote branches of one great trunk—the aorta
(Fig. 17, A4o.), which spriugs from the lower division of the left
half of the heart.

The arteries of the lungs are branches of a great trunk

~ (Fig. 17, P.A.) springing from the lower division of the right
side of the heart. The veins of the lungs, on the contrary,
open by four trunks into the upper part of the left side of the
heart (Fig. 17, P. V).

Thus the venous trunks open into the upper division of
each half of the heart—those of the body in general into that
of the right half; those of the lungs into the upper division of
the left half; while the arterial trunks spring from the lower
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moicties of each half of the heart—that for the body in gen-
eral from the left side, arid that for the lungs from the right

Fia. 17,

D1AGRAM OF THE HEART AND VESSELS, WITH THE COURSE OF THE CIRCULATION.

L. A left auricle ; L. V. left ventricle: Ao. aorta: A?. arterles to the upper part of the
body ;. A3, arteries to the lower part of the body ; H.A. hepatic artery, which sup-
plies the liver with part of its blood ; V3, veins of the lower %rt of the body; V.P.
vena porte; H.V. hepatic vein; V.C.I inferfor vena cava;V.C.S. superior vena
cava; V2 veins of the upper part of the body; R.A. right auoricle; R.V. rlg‘zht.
ventricle ; P.A. pulmonary artery ; Lg. lung; P.V. pul -y vein ; Let. lacteals;
Ly. 1 mpim{c; Th, D. thoracic (I{:c . 'The arrows indicate the course of the blood,
lymph, and chyle. The vessels which contain arterial blood have dark contours,
while those which carry venous bload have light contours,
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side. Hence it follows that the great artery of the body, and
the great veins of the body, are connected with opposite sides -
of the heart; and the great artery of the lungs and its veins
also with opposite sides; while the veins of the body open
into the same side as the artery of the lungs, and the veins of
the lungs open into the same side as the artery of the body.

53. Coronary Arteries and Vein.—TEte arteries which
open into the capillaries of the substance of the heart are called
coronary arteries, and arise, like the other arteries, from the
aorta, only close to its origin. But the coronary vein, which
is formed by the union of the small veins which arise from the
capillaries of the heart, does not open into either of the vense
cavee, but directly into the division of the heart into which
these cavee open—that is to say, into the right upper division.

54. Hepatic Vessels—The abdominal viscera referred to
above, the veins of which do not take the usual course, are the
stomach, the intestines, the spleen, and the pancreas. These
veins all combine into a single trunk, which is termed the vera
porte (Fig. 17, V.P.), but this trunk does not open into the
vena cava inferior. On the contrary, having reached the liver,
it enters the substance of that organ, and breaks up into an .
immense multitude of capillaries, which ramify through the
liver, and become connected with those into which the artery
of the liver, called the epatic artery (Fig. 17, H.A.), tranches.
From this common capillary mesh-work veins arise, and unite,
at length, into a single trunk, the hepatic vein (Fig. 17, H.V.),
which emerges from tHe liver, and passes into the inferior vena
cava. The portal vein is the only great vein in the body which
branches out and becomes continuous with the capillaries of an
organ like an artery.

55, The Heart.—The heart, to which all the vesscls in the
body have now been directly, or indirectly, traced, is an organ,
the size of which is usually roughly estimated as equal to that
of the closed fist of the person to whom it belongs, and which
has a broad end turned upward and backward, and rather to
the right side, called its base ; and a pointed end turned down-
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ward and outward, and to the left side, so as to lie opposite
the interval between the fifth and sixth ribs, which is called its
apez (Fig. 19).

It is lodged in the chest, between the lungs, nearer the
front than the back wall of the chest, and it is enclosed in a
sort of double bag—the pericardium——one-half of the double
bag being closely adherent to the heart itself, while the other,
which is continuous with this upon the great vessels, at a little
distance from the base of the heart, loosely envelops the fore-

Fie. 18,

TRANSVERSE BECTION oF Tne Chxst, WiTH ToE HEART AND LUNGsIN PLACK

D. V. dorsal vertebra, or joint of the backbone; Ao. Ao’. aorta, the top of its arch
. being cut away in this'section; S.C. superior vena cava; P.A. pulmonary artery,

dividing into a branch for each lung; X.QP. R.P. left and right pulmonary veins;

Br. bronchi; RB.L. L.L. right and left lungs; & the gullet or esophagus.
going. Between the two layers of the pericardium is a small,
completely closed cavity, lined by an epithelium, and secreting
into its interior a small quantity of clear fluid. The outer
layer of the pericardium is firmly connected with the upper
surface of the diaphragm.

But the heart cannot he said to depend altogether upon the
diaphragia for support, inasmuch as the great vessels which
issue from or enter it, and for the most part pass upward from
its base, help to suspend it and keep it in place.

56. The Auricles and Ventricles—Thus the heart is
coated outside by one layer of the pericardium. Inside, it con-
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tains two great cavities or  divisions,” as they have been termed .
above, completely separated by a fixed partition which extends
from the base to the apex of the heart, and consequently having
no direct communication with one another. Each of these two
great cavities is farther subdivided, not longitudinally, but trans-
versely, by a movable partition. The cavity above the parti-

F1a. 19,
Tnor HEART, GREAT VESSELS, AND LUNGs. FroNT VIEW.
R.7. right ventricle ; L. V. left ventricle R.A. right auricle; Z.A. left auricle; Ao,
aom P.A. pulmonurynrte pulm veins; RL. rightlung.Li left

?}z V.8. vena cava supe) or, S,C subcla: vessels. . carotids; R. and

bronV right aud left jugular veins; V./. vena cava inferior; 7. trachea; B.
tion on each side is- called the auricle—right or left, as the case
may be; the cavity below the partition is called the ventricle
of its side.

Each of the four cavities has the same capacity, and is ca-
pable of containing from four to six cubic inches of water; but
the walls of the auricles are much thinner thau those of the ventri-
cles, and are of equal thickness, while, of the ventricles, the left
has a much thicker wall than the right

57. Their unequal Work,—In fact, as we shall see, the
ventricles have more work to do than the auricles, and the left

ventricle more to do than the right. Hence the ventricles have
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more muscular substance than the auricles, and the left ventri-
cle than the right; and it is this excess of muscular substance
which gives rise to the excess of thickness observed.

re o

B ot

Fia. 20 Fiea. 21.
F16. 20, THE LEFT SIDE, AND F16. 21, THE RI1GOT SIDE OF THE HEART DISSECTED.

Fig. 20.— L. A. the left auricle; P.V. the four pulmonary veins; ¢ d, a style passed
through the auriculo-ventricular aperture; Af. V. the mitrul valves; « b, a style
passei through the left ventricle into the aorta; R.4. R.V. parts of the right side
of the heart; P.A. pulmonary artery.

Fig. 21.—R. A. the right auricle; V.(.& superior vena cava; V.C.Z inferior vena cava,
the stylcs f e, ¢ d being passed through them into the auricle; a b, style passed
through the auriculo-ventricular aperture; 7. V. tricuspid valve; R.V. right ven-
tricle; S.L. semilunar valves at the base of P.4. the pulmonary artery, through
which the style g 4 18 passed; L.4. L. V. parts of the left side of the heart.

58. Muscular Fibres and Fibrous Rings.—The muscular
fibres of the heart are not smooth; nucleated bands, like those
of the vessels, but are bundles of transversely-striped fibres, and
resemble those of the chief muscles of the body, except that
they have no sheath or sarcolemma, such as we shall find to
exist in the latter. '

Almost the whole mass of the heart is made up of these
muscular fibres, which have a very remarkable and complex
arrangement; but it has an internal lining called the endocar-
dium ; and at the junction between the auricles and ventricles
the apertures of communication between their cavities, called

3



50 ELEMENTARY PHYSIOLOGY. -

the auriculo-ventricular apertures, are strengthened by fibrous
rings. To these rings the movable partitions or valves be-
tween auricles and ventricles, the arrangement of which must
next be considered, are attached.

59. Valves of the Heart; their Structure and Action.—
There are three of these partitious to the right auriculo-ventrie-
ular aperture, and two to the left. Each is a broad, thin, but
very tough and strong production of the endocardium, of a tri-
angular shape, attached by its base, which joins on to its fellow,
to the auriculo-ventricular ring, and at its apex depending into
the ventricular cavity. On the right side there are, therefore,
three of these broad, pointed membranes, whence the ‘whole
apparatus is called the tricuspid valve. On the left side there
are but two, which when detached from all their connections
but the auriculo-ventricular ring, look something like a bishop’s

_mitre, and hence this is called the mitral valve.

The edges and apices of the valves are not completely free
and loose. On the contrary. a number of fine but strong ten-
dinous cords, called chorde tendinee, connect them with some
column-like clevations of the fleshy substance of the walls of
the ventricle, which arc termed columne carnec. .

From this arrangement it follows that the valves oppose no
obstacle to the passage of fluid from the auricles to the ventri-
cles; but if any should be forced the other way, it will at once
get between the valve and the wall of the heart and drive the
valve backward and upward. Partly because they soon meet
in the middle and oppose one another’s action, and partly be-
cause the chorde tendinee hold their edges and prevent them
from going back too far, the valves thus forced back give
rise to the formation of a complete transverse partition,
through which no fluid can pass between the ventricle and the
auricle.

Where the aorta opens into the left ventricle and where the
pulmonary artery opens into the nght ventricle, another valvu-
lar apparatus is placed, consisting in cach case of three pouch-
like valves similar to those of the veins, and called the semilu-
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nar valves, but placed on the same level aud meeting on the
middle line, so as completely to stop the passage when any
fluid is forced along the artery toward the heart. On the other
hand, these valves flap back and allow any fluid to pass from
the heart into the artery with the utmost readiness.

The action of the auriculo-ventricular valves may be demon.
strated with great easc on a sheep’s hcart, in which the aorta
and pulmonary artery are tied and the greater part of the auri-
cles cut away, by pouring water into the ventricles through the
auriculo-ventricular aperture. The valves then usually close
themselves, and they may be made to do so at once by gently
squeezing the ventricles. So, in like manner, if the base of the
aorta or pulmonary artery be cut out of the heart so as not to
injure the valves, water poured into the upper cnds of these
vessels will cause the valves to close tightly, and allow nothing
to flow out after the first moment.

Fia. 22.
The valves of the heart displayed by cutting away both auricles and all but the bases

of the pulmonary artery (4) and aorta (B); C, the tricuspid; D, the mitral
valve; g, a style passedr’linto ghe coronary vein. ’ P S
Thus the arrangement of the auriculo-ventricular valves is
such that any fluid contained in the chambers of the heart can
be made to pass through the auriculo-ventricular apertures in
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the connection of the ckorda tendinee not directly to the walls
of the heart, but to those muscular pillars, the columne cornec,
which stand out from its substance. These muscular pillars
contract at the same time the substance of the heart does; and
thus, just so far as the contraction of the latter brings them
nearer the valves, do they, by their own contraction, pull the
chorde tendineee as tight as before.

By the means which have now been described the fluid in
the ventricle is debarred from passing back into the auricle;
the whole force of the contraction of the ventricular walls is
therefore expended in overcoming the resistance presented by
the pressure of the blood in the arterics on the semilunar
valves, which is the result partly of the weight of that fimd,
partly of the clastic resistance of the arterial walls to further
distension, and partly of the friction and inertia of the blood -
contained in the arterial ramifications and capillaries. It now
becomes obvious why the ventricles have so much more to do
than the auricles, and why valves are needed between the auri-
cles and ventricles, while none arc wanted between the auricles
and the veins.

All that the auricles have to do is to fill the ventricles,
-which offer no active resistance to that process. Hence the
thinness of the walls of the auricles, and hence the needlessness
of any auriculo-venous valve, the resistance on the side of the
ventricle being so insignificant that it gives way at once before
that afforded by the pressure of the blood mn the veins. On the
other hand, the ventricles have to overcome a great resistance
in order to force fluid into elastic tubes which are already full;
and if there were no auriculo-ventricular valves, the fluid in the
ventricles would meet with less obstacle in pushing its way
backward into the auricles and thence into the veins than in
lifting the semilunar valves. Hence the necessity, firstly, of the
auriculo-ventricular valves; and secondly, of the thickness and
strength of the walls of the ventricles, and since the aorta, body,
capillaries, and veins form a much larger system of tubes, con-
taining more fluid and offering more resistance than the pulmo-
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nary arteries, capillarics, and veins, it follows that the left ven-
tricle needs a thicker muscular wall than the right.

62. The Working of the Arteries.—Thus, at every systole
of the auricles, the ventricles are filled and the auricles empticd,
to be slowly refilled by the pressure of the fluid in the great
veins, ‘which is amply sufficient to overcome the passive resist-
ance of their relaxed walls. And at every systole of the ven-
tricles the arterial systems of the body and lungs receive the
contents of these ventricles, and the nearly emptied ventricles
remain ready to be refilled by the auricles.

We must now consider what happens in the arteries.
When the contents of the ventricles are suddenly forced into
these tubes (which are already full), a shock is given to the
whole mass of fluid which they contain. This shock is propa-
gated almost instantaneously throughout the fluid, becoming
fainter and fainter in proportion to the increase of its mass in
the capillarics, and finally cease to be discernible. If the vessels
were tubes of a rigid material, like gas-pipes, the fluid which
the arteries contain would be transported forward as far as this

_ impulse was compctent to carry it, at the same instant as the
shock throughout their whole extent; and as the arteries open
into the capillarics, the capillaries into the veins, and these into
the heart, there would be returned to the auricles almost at the
same moment that the ventricles contract a quantity of fluid
exactly equal to that driven out of the ventricles.

However, the vessels are not rigid, but, on the contrary,
very yielding tubes; and the great arteries, as we have seen,
have especially elastic walls, 'What happens then when the
ventricular systole takes place is—1st, The sudden slight shock
already mentioned. 2d, The dilatation of the great arteries by
the pressure of the increased quantity of blood forced into
them.

Finally, when the systole is over, the force stored up in the
dilated arterial walls in the shape of elastic tension, comesinto
play and cxerts a pressurc on the fluid—the first effect of which
is to shut the semilunar valves; the second, to drive the fluid
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from the larger arteries along the smaller ones. Theso it di-
lates in the same fashion. The fluid then passing into the cap-
illaries, the ejection of a corresponding quantity of fluid from
them into the veins, and finally from the veins into the heart,
is the ultimate result of the ventricular systole.

63. The Beat of the Heart.—Several of the practical re-
sults of the working of the heart and artcries just described
now become intelligible. For example, between the fifth and
sixth ribs, on the left side, a certain movement is perceptible by
the finger and by the eye, which is known as the deating of the
heart. It is the result of the striking of the apex of the heart
against the pericardium and through it, on the inmer wall of
the chest, at this point at the moment of the systole of the
ventricles. When the systole occurs, in fact, two things happen:
in the first place, in consequence of the mammer in which the
muscular fibres of the heart are disposed, its apex bends upward
sharply, and in the second place, its face is thrown a little
downward and forward in consequence of the stretching and
elongation of the aorta by the blood which is thrown into it.

The result of one or other, or both of these actions com-
bined, is the upward and forward blow of the apex of thc heart
which we feel.

64. The Sounds of the Heart.—Secondly, if the ear is ap-
plied over the heart certain sounds arc to be heard, which re-
cur with great, regularity at intervals corresponding with those
of every two beats. First comes a longish dull sound; then a
short sharp sound; then a pause; then the long, then the sharp
sound, then another pause, and so on. There are many differ-
ent opinions as to the cause of the first sound, and perhaps
physiologists are not yet at the bottom of the matter; but the
second sound is without doubt caused by the sudden closure
of the semilunar valves when the ventricular systole cnds.
That such is the case is proved by the experiment which has
been performed of hooking back the semilunar valves in alwmg
animal, when the second sound ceases at once.

65. The Pulse in the Arteries.—Thirdly, if the finger be
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placed itpon an artery, such as that at the wrist, what is termed
the pulse will be felt; that is to say, the eclastic artery dilates
somewhat at regular intervals, which answer to the beatings of
the heart. The pulse which is felt by the finger, however, does
not correspond precisely with the beat of the heart, but takes
place a little after it, and the interval is longer the further the
artery is from the heart. The beat in the artery on the inner
side of the ankle, for example, is a little later than the beat of
the artery in the temple. The reason of this is that the finger
is only delicate enough to distinguish the dilatation of the ar-
tery by the wave of blood which 1s driven along it by the
elastic reaction of the aorta, and is not competent to perceive
the first shock caused by the systole. But if instead of the
fingers very delicate levers be made to rest upon any two arte-
ries, it willbe found that the pulse really begins at the same
time in both, the shock of the systole making itself felt all over
the muscular system at once; and thatit is only the actual fluid
which is propelled into the two arteries by the elastic reaction
of the greater veseels, which takes longer to reach aund distend
the more distant branch.

66. Jetting of Blood from cut Arteries.— Fourthly,
when an artery is cut the outflow of the fluid which it coutains
is increased by jerks, the intervals of which correspond with the
intervals of the beats of the heart. The cause of this is plainly
the same as that of the pulse; the force which would be em-
ployed in distending the walls of the artery, were the latter en-
tire, is spent in jerking the fluid out when the artery is cut.

..87. Why the Capillaries are Pulseless—Fifthly, The
pulse, under ordinary circumstances, is no longer to be de-
tected in the capillaries nor in the veins. This arises from
several circumstances. One of them is that the capacity
of the branches of an artery is greater than the capacity of
the trunk, and the capacity of the capillaries is greater than
that of the small arteries. Hence, supposing the capacity of
the trunk to be 10, that of its branches 50, and that of the cap-
illaries into which these open 100, it is clear that a quantity

s*
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of fluid thrown into the truuk, sufficient to dilate it by one-
tenth, and to produce a very considerable and obvious effect,
could not distend each branch by more than ;th, and each
capillary by 14th of its volume in amount, an effect which
might be quite imperceptible,

68. Subdivision of the Heart-Stroke.—Furthermore, the
flow of the fluid is retarded by the subdivision of the tubes
which contain it; and the multitude of minute impulses into
which the primary blow of the systole is subdivided in the
small vessels, become lost among these obstacles and fused into
one general and steady pressure. This loss of the distinct effect
of the heart’s action may be likened to the result of pumping into
a horse-trough. Where the water flows into the trough, the
splashes and waves, caused by the intermitting fall of water
from the pump, are very obvious ; but from a tap®open at the
other end of .the trough, the water will flow steadily and
evenly. : ’

69. Caunse of a steady Capillary Flow.—Finally, in con-
sequence of the resistance to the passage of the fluid, resulting
from the extremely minute size and subdivision -of the capilla-
ries, the fluid to a certain extent accumulates in the arteries,
and keeps their walls in a constant state of distension, which is
only increased at cach successive beat of the heart. In other
words, one beat follows another before the effect of the first has
ceased. As the cffect of each systole becomes diminished by
the causes above mentioned, that of this constant pressure be-
comes more obvious and gives rise to a steady passage of the
fluid from the arteries toward the veins. In this way in fact
the arteries perform the same functions as the air-reservoir of
a fire-engine, which converts the jerking impulse given by the
pumps into the steady flow of the delivery-hose.

Such is the general result of the mechanical conditions of
the organs of the circulation combined with the rhythmical
activity of the heart. This activity drives the fluid contained
in these orgaus out of the heart into the arteries, thence to the
capillaries, and from them through the veins to the heart
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again; and in the course of these operations it gives rise inci-
dentally to the beating of the heart, the sounds of the heart,
and the pulse.

Secrion IV.—The General Circulation.

70. The Course of the Circulation.—It is now ncces-
sary to tracc the exact course of the circulation as a whole.
And we may conveniently commence with the portion of
the blood contained at any moment in the right auricle.
The contraction of the right auricle drives that fluid, for the
reason above mentioned, into the right ventricle; the ventricle
then contracts and forces it into the pulmonary artery; from
hence it passes into the capillaries of the lungs. Leaving
these, it returns by the four pulmonary veins to the left aari-
cle; the contraction of the left auricle drives it into the left
ventricle ; that of the left ventricle forces it into the naorta.
The branches of, the aorta convey it into all parts of the body
cexcept the lungs, and from the capillaries of all these parts, cx-
cept tbe intestines and certain other viscera in the abdomen,
it is conveyed by vessels which gradually unite into larger and
larger trunks into either the superior or the inferior vena cava,
which carry it to the right auricle once more. But the blood
brought to the capillaries of the stomach and intestines, splecn
and pancreas, by these arteries is gathered into veins which unite
into a'single trunk—the vena portee. The vena porte distributes
its blood to the liver, mingling with that supplied to the capilla-
ries of the same organ by the hepatic artery. From thesc capil-
larics it is conveyed by small veins which unite into a large
trunk—the kepatic vein, which opens into the inferior vena cava.
This course ‘of the blood from the abdominal viscera to the
hepatic vein is called the portal circulation.

The heart itself is supplied with blood by the two coronary
artertes which spring from the root of the aorta just above two
of the semilunar valves. The blood from the capillaries of the
heart is carried back by the coronary vein, not to cither vena
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cava, but to the right auricle, its opening into which is pro-
tected by a valve, so as to prevent the right auricle from driv-
ing the venous blood which it coutains back into the vessels
of the heart.

71. Routes of the Travelling Blood-Particles.—Thus, the
shortest possible course which any particle of the blood can
take, in order to pass from one side of the heart to the other,
18 to leave the aorta by one of the coronary arteries, and return
to the right auricle by the coronary vein. And in order to
pass through the greatest possible number of capillaries, and
return to the point from which it started, a particle of blood
must leave the heart by the aorta and traverse the arteries
which supply the alimentary canal, spleen, and pancreas. It
then enters, 1stly, the capillaries of these organs; 2dly, the
capillaries of the liver; 3dly, after passing through the right
side of the heart, the capillaries of the lungs, from which it re-
turns to the left side and eventually to the aorta.

Furthermore, from what has been said respecting the lym-
phatic system, it follows that any particle of matter which enters
a lacteal of the intestine will reach the right auricle by the
superior cava, after passing through the lymph capillaries and
channels of sundry lymphatic glands; while any thing which
enters the adjacent blood capillary will reach the right auricle
by the inferior cava, after passing through the blood capillaries
of the liver. ]

72. Nervous Control and the Circulation —We have scen
that the small arteries and veins may be directly affected by
the nervous system, which controls the state of contraction of
their muscular walls, and so regulates their calibre. The effect
of this power of the nervous system is to give it a certain con-
trol over the circulation in particular spots, and to produce
such a state of affairs, that, although the power of the heart and
the general condition of the vessels remain the same, the state
of the circulation may be very different in different localities.

73. Explanation of Blushing.—Blushing is such a purely
local modification of the circulation, so that it will be instructive
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.to consider what happens in blushing, An emotion—some-
times pleasurable, sometimes painful—takes possession of the
mind, thereupon a hot flush is felt, the skin grows red, and ac-
cording to the intensity of the emotion these changes are con-
fined to the cheeks ouly, or extend to the “roots of the hair,”
or “all over.”

‘What is the cause of these changes? The blood is a red
and hot fluid ; the skin reddens and grows hot because its ves-
sels suddenly contain an increased quantity of this red and bot
fluid ; and its vessels contain more, because the small arteries
suddenly dilate, the natural moderate contraction of their mus-
cles being superseded by a state of relaxation. In other words,
the action of the nerves which cause this muscular coutraction
is.suspended. On the other hand, in many people, extreme
terror causes the skin to grow cold and the face to appear pale
and pinched. Under these circumstances, in fact, the supply of
blood to the skin is greatly diminished, in consequence of an
excessive stimulation of the nerves of the small arteries, which
causes them to contract and so cut off the supply of blood.

74, Experimental Proof of this.—That this is the real state
of the case may be proved experimentally upon rabbits.
These animals, it is true, do not blush naturally, but they may
be made to blush artificially. If, in a rabbit, the sympathetic
nerve which sends branches to the vessels of the head is cut,
the ear of the rabbit, which is covered by so delicate an integ-
ument that the changes in its vessels can be readily perceived,
at once blushes. That is to say, the vessels dilate, fill with
blood, and the car becomes red and hot. The reason of this
is, that when the sympathetic is cut, the nervous stimulus
which is ordinarily sent along its branches is interrupted, and
the muscles of the small vessels, which were slightly contracted,
become altogether relaxed.

And now it is quite possible to produce pallor and cold in
the rabbit’s ear. To do this it is only necessary to irritate the
cut end of the sympathetic which remains connected with the
vesscls, The nerve then becomes excited, so that the muscu-
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lar fibres of the vessels are thrown into a violent state of con-
traction, which diminishes their calibre so much that the blood
can hardly make its way through them. Counsequently, the
ear becomes pale and cold.

75. Relation of this Nervous Control to Disease,—The
practical importance of this local control exerted by the ner-
vous system is immense. 'When exposure to cold gives 8 man
catarrh, or inflammation of the lungs, or diarrheea, or some
still more serious affection of the abdominal viscera, it is
brought about in this way. The impression made by the cold
on the skin is conveyed to the nervous centres, and so influen-
ces the vaso-motor nerves, as the nerves which govern the walls
of the vessels are called (see Chapter L), of the organ affected,
as to cause their partial paralysis, and produce that state of
congestion, (or undue distension of the vessels) which so com-
monly ends in inflammation.

76. Nervous Control over the Heart.—Is the heart, in
like manner, under the control of the central nervous system?

As we all know, it is not under the direct influence of the
will, but every one is no less familiar with the fact that the
actions of the heart are wonderfully affected by all forms of
emotion. Men and women often faint, and have sometimes
been killed, by sudden and violent joy or sorrow; and when
they faint or die in this way, they do so because the perturba-
tion of the brain gives rise to a something which arrests the
heart as dead as you stop a stop-watch with a spring. On the
other hand, other emotions cause that extreme rapidity and
violence of action which we call palpitation.

Now there are three ‘sets of nerves in the heart: one set
are supplied by ganglia, or masses of mnerve-cells, in its sub-
stance ; another set come from the sympathetic nerve; a third
set are branches of a remarkable nerve, which comes straight
from the brain, and is called the pneumogastric nerve. There
is every reason to believe that the regular rhythmical succes-
sion of the ordinary contractions of the heart depends upon
the ganglia lodged in its substance. At any rate, it is certain
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that these movements depend neither on the sympathetic nor
on the pneumogastric, since they go on as well when the heart
is removed from the body.

In the next place, there is much reason to believe that the
influence which increases the rapidity of the heart’s action is
excrted through the sympathetic.

And, lastly, it is quite certain that the influence which
arrests the heart’s action is supplied by the pneumogastric.
This may be demonstrated in animals, such as frogs, with great
ease.

77. The Circulation directly observed .—If a frog be pithed,
or its brain destroyed, so as to oblitcrate all sensibility, the
animal will continue to live, and its circulation will go on per-
fectly well for an indefinite period. The body may be laid
open without causing pain or other disturbance, and then the
heart will be observed beating with great regularity. It is pos-
sible to make the heart move a long index backward and for-
ward, like the inverted pendulum which musicians term a met-
ronome; and if frog and index are covered with a glass shade,
the air under which is kept moist, the index will vibrate with
great steadiness for a couple of days.

It is casy to adjust to the frog thus prepared, a contrivance
by which electrical shocks may be sent through the pneumo-
gastric nerves, so as to irritate them. The moment tbis is
done the index stops dead, and the heart will be found quies-
cent, with relaxed and distended walls, After a little time the
influence of the pneumogastric passes off, the heart recommen-
‘ces its work as vigorously as before, and the index vibrates
through the same arc as formerly. With careful management,
this experiment may be repeated very many times; and after
every arrest by the irritation of the pneumogastric, the heart
resumes its work. ‘

78. Proof of the Circulation in Man.—The evidence that
the blood circulates in man, although perfectly conclusive, is
almost all indirect. But certain of the lower animals, the
whole, or parts, of the body of which are transparent, readily
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afford direct proof of the circulation, the blood visibly rushing
from the arteries into the capillaries, and from the eapillaries

Fie. 24.

Fig. 28.—Two toes of a frog's foot, with the intervening web, slightly enlarged ; @,
veins; b, arteries connected by a network of capillaries.

Fig. 24.—A small portion of the net-work magnified ; @ b are small veins, and d capil-
laries, all full of large oval blood corpuscles, moving in the direction indicated
b{‘the arrows; ¢, star-shaped, colored patches or pigment cells in the frog's
skin, .

into the veins, so long as the animal is alive and its heart is at
work. The animal in which the circulation can be most con-
veniently observed is the frog, as the web between its toes ‘is
very transparent, and the particles suspended in its blood are
so large that they can be. readily seen as they slip swiftly along
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with the stream of blood, when the toes are fastened out, and
the intervening web examined under even a low magnifying
power (Fig. 24).

CHAPTER 1IV.
OF THE BLOOD AND LYMPH

Secriox I.—1Its Microscopical Elements.

79. How to examine it.—In order to become properly ac-
quainted with the characters of the blood it is necessary to ex-
amine it with a microscope, magnifying at least three or four
hundred diameters. Provided with this instrument, a hand
lens, and some slips of thick and thin glass, the student will be
enabled to follow the present chapter.

The most convenient mode of obtaining small quantitics
of blood for examination, is to twist a piece of string, pretty
tightly, round the middle of the last joint of the middle or
ring finger of the left hand. The end of the finger will im-
mediately swell a little, and become darker colored, in con-
scquence of the obstruction to the return of the blood in the
veins, caused by the ligature. When in this condition, if it be
lightly pricked with a sharp clean needle (an operation which
causes hardly any pain), a good-sized drop of blood will at
once exude. Let it be deposited on a glass slide, and covered
lightly and gently with a thin glass, so as to spread it out
evenly into a thin layer. Let a second slide receive another
drop, and let it bé put under an inverted tumbler so as to keep
it from drying. Let a third drop be dealt with in the same
way a few granules of common salt being first added to the
drop.

80. Its Appearance when magnified. —To the naked eye
the layer of blood upon the first slide will appear of a pale red-
dish color, and quite clear and homogencous. But on viewing
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it with even a pocket lens, its apparent homogeneity will dis-
_ appear, and it will look like a mixture of excessively fine yel-
lowish-red particles, like sand, or dust, with a watery, almost
colorless, fluid. Immediately after the blood is drawn the par-
ticles will appear to be scattered very evenly through the fluid,
but by degrees they aggregate into minute patches, and the
Iayer of blood becomes more or less spotty.

The “ particles™ are what are termed the corpuscles of the
blood ; the ncarly colorless fluid in which they are suspended
is the plasma. 4

81. Coagulation.—The second slide may now be exam-
ined. The drop of blood will be unaltered in form, and may
perbaps seem to have undergone no change. But if the slide
be inclined it will be found that the drop no longer flows;
and, indeed, the slide may be inverted without the disturbance
of the drop, which has become solidified, and may be removed
with the point of a penknmife, as a hemispherical gelatinous
mass. The mass is quite soft and moist, so that this setting,
or coagulation, of a drop of blood is something very different
from its drying. '

On the third slide, this process of coagulation will be found
not to have taken place, the blood-remaining as fluid as it was
when it left the body. The salt, therefore, has prevented the
coagulation of the blood. Thus this very simple investigation
teaches that blood is composed of a nearly colorless plasina,
.in which many colored corpuscles are suspended ; that it has a
‘remarkable power of coagulating; and that this coagulation
may be prevented by artificial means, such as the addition of a
neutral salt.

82. The Blood Corpuscles.—If, instead of using the hand
lens, the drop of blood on the first slide be placed under the
microscope, the particles, or corpuscles of the blood will be
found to be bodies with very definite characters, and of two
kinds, called respectively the red corpuscles and the colorless
corpuscles, The former are much more numerous than the lat-
ter, and have a ycllowish-red tinge ; while the latter, somewhat




ITS MICROSCOPICAL ELEMENTS. . 67

larger than the red corpuscles, are, as their name implies, pale
and devoid of coloration.

83. Their Size, Form, and Appearance.—The corpuscles
differ also in other and more important respects. The red corpus-
cles are flattened circular disks, on an average y4iyyth of an inch
in diameter, and having about one-fourth of that thickness, It
follows that rather more than 10,000,000 of them will lic on a
space onc inch square, and that the volume of ecach corpuscle
does not exceed 1535 vov.vooth of a cubic inch.

b

0. 8

Fio. 25. Fia. 26,

CorruscLEs or Huxax Broop,

Fig. 25.—Red Corpuscles: a @ corpuscle seen ways; b, ueo?ucleln an altered
g'smo. arising from pres: OTPA small rounded rid uscle, such as may be
frequently met with in the bloud, 1s represented beside the larger diseoidal ones.
Fig. 26.—Colorless Corpuscles: a, a coloriess corpuscle acted upon by diluted ace-
tic acid, showing its nucleus.

The broad faces of the disks are not flat, but somewhat con-
cave, as if they were pushed in toward one another. Hence
the corpuscle is thinner in the middle than at the edges, and
when viewed under the microscope, by transmitted light, looks
clear in the middle and darker at the edges, or dark in the mid-
dle and clear at the edges, according to circumstances. When
the disks roll over and present their edges to the cye, on the
other hand, they look like rods. All these varieties of appear-
ancc may be made intelligible by turning a round biscuit or a
muffin, bodies similar in shape to the red corpuscles, in vanous
ways before the eye.

84, Structure and Changes of Form.—The red corpuscles
are very soft, flexible, and elastic bodics, denser externally than
in their interior, where they consist of a semifluid, or quite fluid
matter, containing an albuminous substaace termed globulin, in
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solution, and are reddened by their peculiar coloring matter,
which is called hematin. The interior substance contains no
structure of any kind. From the density of the outer as com-
pared with the inner substance of each corpuscle, they are,
practically, small flattened bags, or sacs, the form of which
may be changed by altering the density of the plasma. Thus,
if it be made denser by dissolving saline substances or sugar in
it, water is drawn from the contents of the corpuscle to the
dense plasma, and the corpuscle becomes still more flattened.
On the other hand, if the plasma be diluted with water, the lat-
ter forces itself into and dilutes the contents of the corpuscle,
cansing the latter to swell out, and even become spherical ; and,
by adding dense and weak solutions alternately, the corpuscles
may be made to become successively spheroidal and discoidal.
Exposure to carbonic acid gas causes the corpuscles to swell out;
oxygen gas, on the contrary, makes them flatten.

Fic. 2.
SuocessivE ForMs ASSUMED BY CoLomLEss ConrpuscLEs or HumaN Broop,

The interval between the forms a b ¢ d was a minute ; between d and e two minutes;
so that the whole scries of cbanges from a to e took five minutes.

85. The Colorless Corpuscles are larger than the red corpus-
cles, their average diameter being ggir4th of an inch. They are
farther seen, at a glance, to differ from the red corpuscles by
the extreme irregularity of their form, and by their tendency to
attach themselves to the glass slide, while the red corpuscles
float about and tumble freely over one another.

A still more remarkable feature of the colorless corpuscles,
than the irregularity of their form, is their irritability. The
form of a red corpuscle is changed only by influences from
without, such as pressure, or the like ; that of the colorless cor-
puscle is undergoing constant alteration, as the result and ex-
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pression of changes taking place in its own substance. To see
these changes well, a microscope with a magnifying power of
five or six hundred diameters is requisite ; and even then, they
are so gradual, that the best way to make sure of their exist-
ence is to make a drawing of a given colorless corpuscle at in-
tervals of a minute or two. This is what has been done with
the corpuscle represented in Fig. 27, in which a represents the
form of the corpuscle when first observed ; b, its form a minute
afterward ; ¢, that at the end of the second; d, that at the end
of the third; and e, that at the end of the fifth minute.

Careful watching of a colorless corpuscle, in fact, shows
that every part of its surface is constantly changing—undergoing
active contraction, or being passively dilated by the contraction
of other parts. It exhibits contractility in its lowest and most
primitive form.

86. Structure and Contractility.—While they are thus
living and active, no correct notion can be formed of the strue-
ture of the colorless corpuscles. By diluting the blood with
water, or still better, with water acidulated with acetic acid, the
corpuscles are killed, and become distended, so that their real
nature is shown. They are then secn to be spheroidal bags, or
sacs, with very thin walls; and to contain in their interior a
fluid which is either clear or granular, with a spheroidal vesicu-
lar body, which is called the nucleus (Fig. 26). It sometimes,
though very rarely, happens that the nucleus has a red tint.

The sac-like colorless corpuscle, with its nucleus, is what is
called a nucleated cell. It will be observed that it is living,in a
free state, in the plasma of the blood, and that the cell wall, or
sac, exhibits an independent contractility. In fact, except that
it is dependent for the conditions of its existence upon the
plasma, it might be compared to one of those simple organisms
which are met with in stagnant water, and are called Amebe.

87. Their Development and Derivation.—That the red
corpuscles are, in some way or other, derived from the color-
less corpuscles may be regarded as certain; but the steps of
the process have not been made out with perfect certainty.
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There is very great reason, however, for believing that the red
corpuscle is simply the nucleus of the colorless corpuscle some-
what enlarged ; flattened from side to side; changed, by de-
velopment within its interior of a red coloring matter; and set
frec by the bursting of the sac or wall of the colorless corpus-
cle. In other words, the red corpuscle is a free nucleus. The
origin of the colorless corpuscles themselves is not certainly
determined ; but it is highly probable that they are constituent
cells of the solid substance of the body which have been de-
tached and carried into the blood, and that this process is
largely effected in what are called the ductless -glands, from
whence the detached cells pass, as lymph-corpuscles, directly or
indireetly, into the blood.

The following facts are of importance in their bearing on
the relation between the different kinds of corpuscles:

(a) The invertebrate animals which have true blood corpus-
cles, possess only such as resemble the colorless corpuscles of man.

(b) The lowest vertebrate animal, the Lancelet (Amphiozus),
possesses only colorless corpuscles; and the very young em-
bryos of all vertebrate animals have only colorless and nucle-
ated corpuscles. ,

(¢) All the vertebrated animals which lay eggs have two
kinds of corpuscles—colorless corpuscles, like those of man, and
large red-colored corpuscles, which are generally oval, and
further differ from those of man in presenting a nucleus. In’
fact, they arc_simply the colorless corpuscles enlarged and
colored.” .

(d) All animals which suckle their young (or what are
called mammals) have, like man, two kinds of corpuscles: color-
less ones, and small colored corpuscles—the latter being always
flattened, and devoid of any nucleus. They are usually circu-
lar, but in the camel tribe they are elliptical. And it is worthy
of remark that, in these animals, the nucler of the colorless
corpuscles become elliptical.

(¢) The colorless corpuscles differ much less from one an-
other in size and form, in the vertebrate series, than the colored.
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The latter are smallest in the little Musk Deer, in which animal
they are about a quarter as large as those of man. On the
other hand, the red corpuscles are largest in the Amphibia (or
Frogs and Salamanders), in some of which animals they are ten
times as long as in man.

Fio. 25,
Rep CorruscLes or HuMax BLooD ARBANGED IN ComERENT RoLLs.

One free red corpuscle and one colorless enrsnscle are seen, and the plunuil the
field of view is traversed by v elicate filaments of fibrin.

88. Red Corpuscles tend to cohere in Rolls,—As the
blood dics, its several constituents, whlch have now been de-
scribed, undergo marked changes.

The colorless corpuscles lose their contractility, but other-
wise undergo little alteration. They tend to cohere neither
with one another, nor with the red corpuscles, but adhere to
the slide on which they are placed. '

It is quite otherwise with the red corpuscles, which at first,
as we have scen, float about and roll, or slide, over each other
quite freely. After a short time (the length of which varies in
different persons, but usually amounts to two or threc minutes)
they scem, as it were, to become sticky, and tend to cohcre;
and this tendency increases until, at length, the great majonty
of them become applied face to face, so as to form long scries,
like rolls of coin. The end of one roll cohering with the sides
of another, a network of various degrees of closeness is pro-
duced ; the corpuscles remain thus coherent for a certain length
of time, but eventually separate and float freely again. The
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addition of a little water, or dilute acids, or saline solutions,
will at once cause the rolls to break up.

It is from this running of the corpuscles together into
patches of network that the change noted above in the appear-
ances of the layer of blood, viewed with a lens, arises. So
long as the corpuscles are separate, the sandy appearance
lasts ; but when they run together, the layer appears patchy or
spotted.

The red corpuscles rarely, if ever, all run together into rolls,
some always remaining free in the meshes of the net. In con-
tact with air, or if subjected to pressure, many of the red cor-
puscles become covered with little knobs, so as to look like
minute mulberries—an appearance which has been mistaken
for a breaking up, or sponta.neous division, of the corpuscles
(Fig. 25, b).

89. Blood Crystals,—There is a still more remarkable change
which the red blood corpuscles occasionally undergo. Under
certain circumstances, their contents, consisting of the colorless
substance called Globulin, which fills the red blood corpuscles,
and of their coloring matter, termed Hematin, separate from
the outer shell of the corpuscles as crystals, which in man have
the shape of prisms; in other animals take otherforms. Treat-
ment of the blood with oxygen and with carbonic acid, in sun-
light, greatly facilitates this process, so that the easiest way to
see these blood crystals is to expose a drop of blood to the air,
then moisten it with water, and then, by breathing several times
on it, supply it with carbonic acid. The color of the drop
brightens as the crystals form in it.

Secrion IL.—1Its Physical and Chemical Properties.

90. Coagulation.—When the layer of blood has been
drawn ten or fifteen minutes, the plasma will be seen to be no
longer clear. It then exhibits multitudes of extremely delicate
filaments of a substance called F%ibrin, which have been de-
posited from it, and which traverse it in all directions, uniting

-
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with one another and with the corpuscles, and binding the
whole into a semi-solid mass.

It is this deposition of fibrin which is the causc of the
apparent solidification, or coagulation, of the drop upon the
second slide; but the phenomena of coagulation, which are of
very great importance, cannot be properly understood until the
behavior of the blood, when drawn in larger quantity than a
.drop, has been studied.

91. Separation of the Constituents.—When, by the ordi-
nary process of opening a vein with a lancet, a quantity of
blood is collected into a basin, it is at first perfectly fluid; but
in a quarter of an hour, and sometimes in less than balf that
time, it separates into two very different constituents—the one
a clear yellowish liquid, the other a red semi-colid mass, which
lics in the liquid, and is paler in color and firmer at the surface
than in its deeper part.

The liquid is called the serum ; the semi-solid mass the
clot, or crassamentum. Now the clot obviously contains the
corpuscles of the blood, bound together by some other sub-
stance; and this last, if a small part of the clot be examined
microscopically, will be found to be that fibrous-looking matter,
Jibrin, which has been seen forming in the thin layer of blood.
Thus the clot is equivalent to the corpuscles plus the fibrin of
the plasma, while the serum is the. plasma minus the fibrinous
elements which it contained.

92. The Buffy Coat.—The corpuscles of the blood are
slightly heavier than the plasma, and therefore, when the blood
is drawn, they sink very slowly toward the bottom. Hence
the upper part of the clot contains fewer corpuscles and is
lighter in color, than the lower part—there being fewer cor-
puscles left in the upper layer of plasma for the fibrin to catch
when it sets. And there are some conditions of the blood in
which the corpuscles run together much more rapidly and in
denser masses than usual; so that they more readily overcome
the resistance of the plasma to their falling, just as feathers
stuck together in masses fall much more rapidly through the

4
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air than the same feathers when loose. 'When this is the case,
the upper stratum of plasma is quite free from red corpuscles
before the fibrin forms in it, and consequently the uppermost
layer of the clot is nearly white: it receives the name of the
buffy coat.

Aﬁer the clot is formed, the fibrin shrinks and squeezes
out much of the serum contained within its meshes; and, other
things being equal, it contracts the more, the fewer corpuscles
there are in the way of its shrinking. Hence, when the buffy
coat is formed, it usually contracts so much as to give the clot
a cup-like upper surface.

Thus the buffy coat is fibrin natarally separated from the
red corpuscles ; the same separation may be effected, artificially,
by whipping the blood with twigs as soon as it is drawn,
until its coagulation is complete. Under these circumstances
the fibrin will collect upon the twigs and a red fluid will be left
behind, consisting of the serum plus the red corpuscles, and
many of the colorless ones.

93. Influencing Conditions.—The coagulation of the blood
is hastened, retarded, or temporarily prevented by many cir-
cumstances.

(¢) Temperature—A high temperature accelerates the
coagulation of the blood; a low one retards it; and blood
kept at the freezing-point of water will not coagulate at all
Blood thus kept fluid will, however, coagulate when its tem.
perature is raised, and blood has been thus cooled and warmed
till near coagulation for three successive times without losing
its coagulability.

(b) The addition of soluble matter to the blood.—Many
saline substances, and more especially sulphate of soda and
common salt, added to the blood in sufficient quantity, prevent
its coagulation; but coagulation sets in when water is added,
8o as to dilute the saline solution.

(c) Contact with living or not-living matter.—Contact with
not-living matter promotes the coagulation of the blood. Thus,
blood drawn into a basin begins to coagulate first where it is
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in contact with the sides of the basin; and a wire introduced
into a living vein will become ccated with fibrin, although per-
fectly fluid blood surrounds it.

On the other hand, direct contact with living matter retards,
or altogether prevents, the coagulation of the blood. Thus
blood remains fluid for a very long time in a portion of a vein
which is tied at each end.

The heart of a turtle remains alive for a lengthened period
(many hours or even days) after it is extracted from the bLody ;
and, so long as it remains alive, the blood contained in it will
not coagulate, though a portion of the same blood taken out
of the heart will coagulate in a few minutes.

Blood taken from the body of the turtle, and kept from
coagulating by cold for some time, may be poured into the
separated heart, and then will not coagulate.

Freshly deposited fibrin acts like living matter, coagulable

blood remaining fluid for a long time in tubes coated with such
fibrin. .
94. Nature of the Process of Coagulation.—The coagu-
lation of the blood is an altogetber physico-chemical process,
dependent upon the properties of certain of the constituents of
the plasma, apart from the vitality of that fluid. This is proved
by the fact that if the coagulation of blood-plasma be prevented
by cold, and it be greatly diluted, a current of carbonic acid
gas passed through it will throw down a white substance, which
white substance, dissolved in a weak solution of potash or soda,
coagulates and yields a clot of true pure fibrin. It would be
absurd to suppose that a substance which has been precipitated
from its solution, and redissolved, still remains alive,

There are reasons for believing that this white substance
consists of two constituents of very similar composition which
exist scparately in living blood, and the union of which is the
cause of the act of coagulation. These reasons may be briefly
stated thus :—The pericardium and other serous cavities in the
body contain a clear fluid, which has exuded from the blood-
vessels, and cortains the elements of tha blood without the
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blood corpuscles. This fluid sometimes coagulates spon-
tancously, as the blood-plasma would do, but very often shows
no disposition to spontancous coagulation. When this is the
case, it may nevertheless be made to coagulate, and yield a
true fibrinous clot, by adding to it globulin in any of its shapes.
This globulin is, as we have seen, the chief constituent of the
blood-corpuscles: it exists in the serum of blood which has
coagulated, and may be precipitated therefrom, as a white
powder, by the action of carbonic acid: it is found also in con-
nective tissue, the cornea, lens, and humors of the cye, and in
other fluids of the body.

95. Globulin and Fibrinogen.—Globulin may be dried or
kept in alcohol, without diminishing its power of generating
fibrin when it is added to serous effusions. It is most active
in a very weakly alkaline solution. Too much alkali and any
acidity completely suspend its action. :

Thus globulin, added under proper conditions to serous
cffusion, is a coagulator of that effusion, giving rise to the
development of fibrin in it.

Tt does so by its interaction with a substance contained in
the serous effusion, which can be extracted by itself, and then
plays just the same part toward a solution of globulin, as glob-
ulin does toward its solution. This substance has been called
JSibrinogen. It is exceedingly like globulin, and may be thrown
down from serous exudation by carbonic acid, jnst as globulin
may be precipitated from the serum of the blood. When re-
dissolved in an alkaline solution, and added to any fluid con-
taining globulin, it acts as a coagulator of that fluid, and gives
rise to the development of a clot of fibrin in it. In accord-
ance with what has just been stated, serum of blood which has
completely coagulated, may be kept in one vessel, and pericar-
dial fluid in another, for an indefinite period, without the coag-
ulation of cither. But let them be mixed, and coagulation
sets in.

Thus it seems to be clear, that the coagulation of the blood,
and the formation of fibrin, are caused primarily by the inter-
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action of two substances (or two modifications of the same sub-
stance), globulin and fibrinogen, the former of which exists in
great abundance in the corpuscles of the blood, and in some -
tissues of the body; while the latter is known at present only
in the plasma of the blood, and the lymph, and the chyle, and
fluids derived from them.

96. The Physical Qualities of the Blood.—The proverb
that “blood is thicker than water,” is literally true, as the
blood is not only * thickened” by the corpuscles, of which it
has been calculated that no fewer than 70,000,000,000 (cighty
times the number of the human population of the globe) are
contained in a cubic inch, but is rendered slightly viscid by the
solid matters dissolved in the plasma. The blood is thus ren-
dered heavier than water, its specific gravity being about 1055.
In other words, twenty cubic inches of blood have about the
same weight as twenty-one cubic inches of water. The cor-
puscles are heavier than the plasina, and their volume is usually
somewhat less than that of the plasma. Of colorless corpus-
cles there are usually not more than three or four for every
thousand of red corpuscles; but the number varies very much,
increasing shortly after food is taken, and diminishing in the
~ intervals between meals. The blood is, furthermore, hot, its
temperature being about 100° Fahrenheit.

97. The Chemical Composition of the Blood.—Considered
chemically, the blood is an alkaline fluid, consisting of water,
solid and gascous matters. The proportions of these several con-
stituents vary according to age, sex, and condition, but the
following statement holds good on the average:

In every 100 parts of blood there are 79 parts of water and
21 parts of dry solids; in other words, the water and the solids
of the blood stand to onc another in about the same proportion
as the nitrogen and the oxygen of the air. Roughly speaking,
onc-quarter of the blood is dry, solid matter; three-quarters
water. Of the 21 parts of dry solids, 12 (= 4ths) belong to
the corpuscles. The remaining 9 arc about two-thirds (67
parts = %ths) albumen (a substance like white of cgg, coagu-
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lating by heat), and one-third (= 4th of the whole solid mat-
ter), a mixture of saline, fatty, and saccharine matters, sundry
products of the waste of the body, and fibrin.  The quantity
of the latter constituent is remarkably small in relation to the
conspicuous part it plays in the act of coagulation. Healthy
blood, in fact, yields, in coagulating, not more than from two
to four parts in a thousand of its weight of fibrin.

The total quantity of gaseous matter contained in the blood
is equal to rather less than half the volume of the blood ; that
is to say, 100 cubic inches of blood will contain rather less
than 50 cubic -inches of gases. These gaseous matters are
carbonic acid, oxygen, and nitrogen; or, in other words, the
same gases as those which exist in the atmosphere, but in
totally different proportions; for whereas air contains ncarly
three-fourths nitrogen, onc-fourth oxygen, and a mere trace of
carbonic acid, the average computation of the blood gases is
nearly two-thirds carbonic acid, rather less than one-third ox-
ygen, and not one-tenth nitrogen.

It is important to observe () that blood contains much
more oxygen gas than could be held in solution by mere water
at the same temperature and pressure; () that this power of -
bolding oxygen appears in some way to depend upon the cor-
puscles, firstly, because mere serum has no greater power of
absorbing oxygen than water has, and, secondly, because a
solution of hsematin absorbs oxygen very readily ; and (c) that
some substances which arc capable of being oxidated with
great readiness—such as pyrogallic acid—are not affected by
their passage through the blood. Thus it would appear that
the oxygen is not quite free, but is held in some sort of loose
chemical combination with a constituent of the blood contained
in the corpuscles.

The corpuscles differ chemically from the plasma, in con-
taining a large proportion of the fats and phosphates, all the
iron, and almost all the potash, of the blood ; while the plas-
ma, on the other hand, contains by far the greater part of the
chlorine and the soda.
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.98, Influence of Age, Sex, and Food upon the Blood.—The
blood of adults contains a larger proportion of solid constitu-
ents than that of children, and that of men more than that of
women ; but the difference of sex i3 hardly at all exhibited by
persons of flabby, or what is called lymphatic, constitution.

Animal diet tends to increase the quantity of the red cor-
puscles; a vegetable diet and abstinence to diminish them.
Bleeding exercises the same influence in a still more marked
degree, the quantity of red corpuscles being diminished there-
by in a much greater proportion than that of the other solid
constituents of the blood.

99. Total Quantity of Blood in the Body.— The total
quantity of blood contained in the body varies at different
times, and the precise ascertainment of its amount is very diffi-
cult. It may probably be estimated, on the average, at not
less than one-tenth of the weight of the body.

100. Vivifying Influence of Blood over the Tissues.—
The function of the blood is to supply nourishment to, and
take away wastc matters from, all parts of the body. It is ab-
solutely essential to the life of every part of the body that it
should be in such relation with a current of blood, that matters
can pass freely from the blood to it, and from it to the blood,
by transudation through the walls of the vessels in which the
blood is contained. Furthermore, this vivifying influence de-
pends upon the corpuscles of the blood. The proof of these
statements lies in the following experiments : If the vessels of
a limb of a living animal be tied in such a mabner as to cut
off the supply of blood from the limb without affecting it in
any other way, all the symptoms of death will set in. The
1imb will grow pale and cold, it will lose its sensibility, and
volition will no longer have power over it; it will stiffen, and
eventually mortify and decompose.

But if, even when the death stiffening has set in, the lig-
atures are removed, and the blood is allowed to flow into the
limb, the stiffening speedily ceases, the temperature of the part
rises, the sensibility of the skin returns, the will regains power
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over the muscles, and, in short, the part returns to its normal
condition.

If, instead of simply allowing the blood of the animal
operated upon to flow again, such blood, deprived of its fibrin
by whipping, but containing its corpuscles, be artificially passed
through the vessels, it will be found as effectual a restorative as
entire blood; while, on the other hand, the serum (which is
cquivalent to whipped blood without its corpuscles) has no
such effect.

101. Transfusion of Blood,—Furthermore, it is not ncces-
sary that the blood employed should be that of the very same
animal. Men, or dogs, bled to apparent death may be at once
and cffectually revived by filling their vecins with blood taken
from another man or dog, an operation which is known by the
name of transfusion.

Nor is it absolutely necessary for the success of this opera-
tion that the blood used in transfusion should belong to an
animal of the same species, The blood of a horse will per-
manently revive an ass, and, speaking generally, the blood of
one animal may be replaced without injurious effects by that
of another closely-allied species; while that of a very different
animal will be more or less injurious, and may even cause im-
mediate death.

102. The Lymph,—which fills the lymphatic vessels, is,
like the blood, an alkaline fluid, consisting of a plasma and
corpuscles, and coagulates by the separation of fibrin from the
plasma. The lymph differs from the blood in its corpuscles
being all of the colorless kind, and in the very small proportion
of its solid constituents, which amount to only about five per
cent. Lymph may, in fact, be regarded as blood minus its red
corpuscles, and diluted with water, so as to be somewhat less
dense than the serum of blood, which contains about eight per
cent. of solid matters.

A quantity of fluid equal to that of the blood is probably
poured into the blood, daily, from the lymphatic system.
This fluid is in great measure the mere overflow of the blood
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itself—plasma which has exuded from the capillaries into the
tissues, and which has not been taken up again into the venous
current ; the rest is duc to the absorption of chyle from the
alimentary canal.

CHAPTER V.
OF RESPIRATION.
Secrion L—Arterial and Venous Blood.

103. High Complexity of the Blood.—The blood, the
general nature and properties of which have been described in
the preceding chapter, is the highly complex product, not of
any one organ or constituent of the body, but of all. Many
of its features arc doubtless given to it by its intrinsic and
proper structural clements, the corpuscles; but the general
character of the blood is also profoundly affected by the cir-
cumstance that every other part of the body takes something
from the blood and pours something into it. The blood may
be compared to a river, the nature of the contents of which is
largely determined by that of the head-waters, and that of the
animals which swim in it; but which is also very much affected
by the soil over which it flows, the water-weeds which cover
its banks, and by affluents from distant regions—by irrigation
works which are supplied from it, and by drain-pipes which
flow into it.

104. Blood rendered venous in the Capillaries.—Onc
of the most remarkable and important of the changes effected
in the blood is that which results, in most parts of the body,
from its simply passing through capillaries, or, in other words,
through vessels, the walls of which are thin enough to permita
free exchange between the blood and the fluids which penneate
the adjacent tissues.

Thus, if blood be taken from an artery supplying a limb, it

4%
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will be found to have a bright scarlet color; while blood drawn
at the same time from the vein of the limb, will be of a pur-
plish hue, so dark that it is commonly called “black blood.”
And as this contrast is met with in the contents of the arteries
and veins in general (except the pulmonary artery and veins),
the scarlet blood is commonly known as arterial, and the
black blood as venous.

This power of converting arterial into venous blood re-
mains in most parts of the body so long as life persists, Thus,
if a limb be cut off and scarlet blood be forced into its arteries
by a syringe, it will issue from the veins as black blood so long
as the limb cxhibits signs of persistent vitality ; and when
thesc disappear the blood will no longer be changed. ’

105. Difference between Arterial and Venous Blood.—
‘Wheu specimens of venous and of arterial blood are subjected
to chemical examination, most of the differences between them
are found to be very small and inconstant. As a rule, there is
1ather more water in arterial blood, and rather more fatty mat-
ter. But the gaseous contents of the two kinds of blood differ
widely in the proportion which the carbonic acid gas bears to
the oxygen, there being a smaller quantity of oxygen and a
greater quantity of carbonic acid, in venous than in arterial blood.

And it may be experimentally demonstrated that this dif-
ference in the gaseous contents is the oaly essential difference
between venous and arterial blood. For if arterial blood be
shaken up with carbonic acid so as to be thoroughly saturated
with that gas, it loses oxygen, gains carbonic acid, and acquires
the hue and proportion of venous blood ; while, if venous blood
be similarly trcated with oxygen, it gains oxygen, loses carbonic
acid, and takes on the color and properties of arterial blood.
Furthermore, the same result is attained, though more slowly,
if the blood, in either case, be received into a bladder, and then
placed in the carbonic acid or oxygen gas; the thin moist ani-
mal membrane allowing.the change to be effected with perfect
ease, and offering no serious impediment to the passage of cither
gas. _
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108. Diffusion of Gases.—The physico-chemical processes
involved in the exchange of carbonic acid for oxygen when
venous is converted into arterial blood, or the reverse, in the
cases mentioned above, are not thoroughly understood, and are
probably somewhat complex.

It is known (a) that gases, mechanically held by a fluid in
a given proportion, tend to diffuse into any atmosphere to
which they are exposed, until they occupy that atmosphere in
corresponding proportions; and (b) that gases, separated by a
dry porous partition, or simply in contact, diffuse into one an-
other with a rapidity which is inversely proportioned to the
square roots of their densities.

Now, a knowledge of these physical principles does, in a
rough way, lead us to see how the gases, contained in the blood,
may effect an exchange with those in the air, whether the blood
be freely exposed, or enclosed in a membrane. But the appli-
cation of these principles gives no more than this sort of gen-
eral insight, secing that, in the first place, the gases of the blood
arc not held mercly mechanically in it; and, secondly, that
when arterialization takes place through the walls of a bladder,
or any other thin animal membrane, the matter is still further
complicated by the circumstance that moisture dissolves car-
bonic acid far more freely than it will oxygen, and bence that
the wet bladder has a very different action upon carbonic acid
from that which it has upon oxygen. Thus a moist bladder,
partially filled with oxygen and suspended in carbonic acid gas,
becomes rapidly distended in consequence of the carbonic acid
gas passing into it with much greater rapidity than the oxygen
passes out.

107. Cause of the Change of Color in Blood.—The cause -
of the change of color in the blood—of its darkening when ex-
posed to carbonic acid, and its brightening when -under the
influence of oxygen, is not thoroughly understood. There is
reason to think, however, that the red corpuscles arc rendered
somewhat flatter by oxygen gas, while they are distended by
the action of carbonic acid. Under the former circumstances
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they may, not improbably, reflect the light more strongly, so
as to give a more distinct coloration to the blood ; while, un-
der the latter, they may transmit more light and so allow the
blood to appear darker and duller.

108. Conditions of its Chemical Changes.—Whatever may
be their explanation, however, the facts are certain, (1) that
arterial blood, separated by only a thin membrane from car-
bonic acid, or from a fluid containing a greater amount of
carbonic acid than itself, becomes venous ; and (2) that venous:
blood, separated by only a thin membrane from oxygen, or a
fluid containing a greater proportion of free oxygen than itself,

becomes arterial.

' In these facts lies the explanation of the conversion of
scarlet blood into dark blood as it passes through the capil-
laries of the body, for the latter are bathed by the juices of
the tissues which contain carbonic acid, the product of their
waste and combustion, in excess. On the other hand, if we
seck for the explanation of the couversion of the dark blood in
the veins into the scarlet blood of the arteries, we find, 1st,
that the blood remains dark in the right auricle, the right ven-
tricle, and the pulmonary artery ; 2d, that it is scarlet not only in
the aorta, but in the left ventricle, the left auricle, and the pul-
monary veins, ’

Obviously, then, the change from venous to arterial takes
place in the pulmonary capillaries, for these are the sole chan-
nels of communication between the pulmonary arteries and the
pulmonary veins.

SecrioN I1.—7The Lungs and their Office.

. 109. The Essence-nature of Respiration.—But what are
the physical conditions to which the blood is exposed in the
pulmonary capillaries ¢

These vessels are very wide, thin walled, and closely set, so
as to form a network with very small meshes, which is con-
tained in the substance of an extremely thin membrane. This
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membrane is in contact with the air, so that the blood in each
capillary of the lung is separated from the air by only a deli-
cate pellicle formed by its own wall aud the lung membrane.
Hence an exchange very readily takes place between the blood
and the air; the latter gaining moisture and carbonic acid, and
losing oxygen.

This is the essential step in respiration; that it really
takes place may be_ demonstrated very readily, by the experi-
ment described in the first chapter, in which air expired was
proved to differ from air inspired, by containing more heat,
more water, more carbonic acid, and less oxygen; or, on the
other hand, by putting a ligature on the windpipe of a living
animal so as to prevent air from passing into or out of the
lungs, and then examining the contents of the heart and great
vessels,. Venous blood will be found on both sides of the

Fic. 29.
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heart, and in the pnlmonary veins and aorta, as much as in the
vena cava and pulmonary artery.

But though the passage of carbonic acid gas and hot watery
vapor out of the blood, and of oxygen into it, is the essence
of the respiratory process—and thus a membrane with blood
on one side, and air on the other, is all that is absolutely ncces-
sary to cffect the punﬁcatlon of the blood—yet the accumula-
tion of carbonic acid is so rapid, and the neced for oxygen so
incessant in all parts of the human body, that the former could
not be cleared away, nor the laiter supplied, with adequate
rapidity, without the aid of extensive and complicated acccs-
sary machinery—the arrangement and working of which must
next be carcfully studied.

~ 110. Mechanism of Respiration.—The back of the mouth
or pharynz communicates by two channels with the external
air. One of these is formed by the nasal passages, which can-
not be closed by any muscular apparatus of their own; the
other is presented by the mouth, which can be shut or opened
at will. Immediately behind the tongue, at the lower and
front part of the pharynx, is an aperture—the glottis—capable
of being closed by a sort of lid—the epiglottis—which covers
it, or by the shutting together of its side boundaries, formed
by the so-called vocal chords. The glottis opens into a cham-
ber with cartilaginous walls—the larynz ; and leading from the
larynx downward along the front part of the throat, where it
may be very readily felt, is the trachea, or windpipe. If this
last be handled through the skin, it will be found to be firm
and resisting. Its walls are, in fact, strengthened by a series
of cartilaginous hoops, which hoops are incomplete behind,
their ends being united only by muscle and membrane, where
the trachea comes into contact with the gullet or cesophagus.
The trachea passes into the thorax, and then divides into two
branches, a right and a left, which arc termed the bronchi.
Each bronchus enters the lung of its own side and then divides
into a great number of smaller branches, which are called
the bronchial tubes. As these diminish in size, the cartilages
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which are continued all through the brouchi, and their large
ramifications, become smaller and eventually disappear, so that
the smallest bronchial tubes have wholly muscular and mem-
branous walls. Thus, while the trachea and bronchi are kept
permanently open and pervious to air, the smaller bronchial
tubes may be almost closed by the coutraction of their mus-
cular walls,
. Fre, 80, ) Fie. 81.

Fia. 82
Fra. 80.—~Two air-cells (b) with the ummte bronchial tube (a) which opens into

F16. 31.—A section through é )o( neveml air-cells with their epithelium ().
Fia. 82.—The capﬂluries of the al

The finer bronchial tubes end at length in clongated dila-
tations, about gi;th of an inch in diameter on the average,
which are called the air-cells, and which have sacculated walls.
The very thin walls which separate these air-cells are supported
by much delicate and highly clastic tissue, and carry the wide
and close-set capillaries into which the pulmonary artery pours
its blood. Thus, the blood contained in these capillaries is
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exposed on both sides to the air—being separated from the air
cell on cither hand only by the very delicate pellicle which -
forms the wall of the capillary, and the lining of the air-sac.

111, The Provision for the Renewal of Air.—Henceno
conditions can be more favorable to a ready exchange between-
. the gascous contents of the blood and those of the air in the
air-cells, than the arrangements which obtain in the pulmonary.
capillaries ; and, thus far, the structure of the lung fully enables
us to understand how it is that the large quantity of blood
poured through the pulmonary circulation is enabled to be ex-
posed in very thin strecams, over a large surface, to the air.
But this very circumstance would only render the extraction
of the oxygen from the pulmonary air, and its saturation with
carbonic acid, a very speedy and complete process, if it were
not for the special arrangements by which a certain quantity
of this air is incessantly removed and replaced by fresh air.

112. Inspiration and Expiration.—If an adult man,
breathing calmly in the sitting position, be watched, the respi-
ratory act will be observed to be repeated thirteen or fourteen
times every minute. Each act consists of certain components
which succeed one another in a regular rbythmical order.
First, the breath is drawn in, or inspired ; immediately after-
ward it is driven out, or ezpired ; and these successive acts of
inspiration and expiration are followed by a brief pause. - Thus,
just as in the rhythm of the heart we have auricular systole,
ventricular systole, pause ; so in similar order in the chest, in-
spiration, expiration, and pause succeed one another. At each
inspiration in an adult wellgrown man about thirty cubic
inches of air are inspired, and at each expiration the same, or
a slightly smaller, volume (allowing for the increase of tem-
perature of the air so expired).

1183, Differences between Inspired and Expu'ed Air—
The expired air differs from the air mspu-ed in the following
particulars: :

(a) ‘Whatever the temperature of the extemal air, that ex-
pired is nearly as hot as the blood, or between 90° and 100°.
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(b) However dry the external air may be, that expired is
quite, or nearly, saturated with watery vapor.

(c) Though ordinary air contains nearly 2,100 parts of oxy-
gen, and 7,900 of nitrogen, with not more than three parts of
carbonic acid, in 10,000 parts, expired air contains about 470
parts of carbonic acid, and only between 1,500 and 1,600 parts
of oxygen, while the quantity of nitrogen suffers little or no
change. Speaking roughly, air which has been breathed once
has gained five per cent. of carbonic acid, and lost five per cent.
of oxygen.

The expired air contains, in addition, a greater or less
quantity of animal matter of a highly decomposable character.

(d) Very close analysis of the expired air shows, firstly,
that the quantity of oxygen which disappears is always slightly
in excess of the quantity of carbonmic acid supplied; and
secondly, that the nitrogen is variable—tbat in the expired air
being sometimes slightly in excess of, sometimes slightly less
than, that in the inspired alr, and sometimes remaining sta-
tionary.

114; The Amount of Work done by the Lungs.—Thrce
hundred and fifty to four hundred cubic feet of air are thus passed
through the lungs of an adult man taking little or no exercise,
in the course of twenty-four hours, and are charged with car-
bonic acid, and deprived of oxygen to the extent of nearly five
per cent., which amounts to about cighteen cubic feet of the
onc gas taken in, and of the other given out. Thus, if a man
be shut up in a close room, having the form of a cube seven
feet in the side, every particle of air in that room will have
passed through his lungs in twenty-four hours, and a fourth
of the oxygen it contains will be replaced by carbonic acid.

The quantity of carbon climinated in the twenty-four hours
is pretty clearly represented by a piecc of pure charcoal weigh-
ing eight ounces,

The quantity of water given off from the lungs in the
twenty-four hours varies very much, but may be taken on the
average as rather more than half a pint, or about nine ounces.
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It may fall below this amount, or increase to double or treble
the quantity.

SecrioN IIL.—The Respiratory Mechanism.
115. Mechanism of the Respiratory Movements.—The

mechanical arrangements by which the respiratory movements
* cssential to the removal of the great mass of effete matters, and
the importation of the large quantity of oxygen indicated, are
cffected, are to be found in—(a) the clasticity of the lungs. (5)
The mobility of the sides and bottom of the thoracic cavity in
which the lungs are contained.

(a) The thorax may be regarded as a completely shut con-
ical box, with the small end turmed upward, the back of the
box being formed by the spinal column, the sides by the ribs,
the front by the breast-bone, the bottom by the diaphragm,
and the top by the root of the neck (Fig. 29).

The two lungs occupy almost all the cavity of this box
which is not taken up by the heart. Each is enclosed in its
'serous membrane, the pleura. So long as the walls of the
thorax are entire, the cavity of each pleura is practically oblit-
erated, that layer of the pleura which covers the lung being in
close contact with that which lines the wall of the chest; but
if a small opening be made into the pleura, the lung at once
shrinks to a comparatively small size, and thus develops a
great cavity between the two layers of the pleura. If a pipe
be now fitted into the bronchus, and air blown through it, the
lung is very readily distended to its full size; but, on being
left to itself, collapses, the air being driven out again with
some force. The abundant clastic tissue of the walls of
the air-cells is, in fact, so disposed as to be greatly stretched
when the lungs are full; and, when the distending cause is
removed, this elasticity comes into play and drives the greater
part of the air out again.

The lungs are kept distended 1 the dead subject, so long
as the walls of the chest are entire, by the pressure of the
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atmosphere. For though the eclastic tissue is all the while
pulling, as it were, at the layer of pleura which covers the
lung, and attempting to separate it from that which lines the
chest, it cannot do so without developing a vacuum between
these two layers. To effect this, the elastic tissue must pull
with a force of more than that of the cxternal air, or fifteen
pounds to the square inch, an effort far beyond its powers,
which do not equal more than one-fourth of a pound on the
square inch. But the moment a hole is made in the pleura,
the atmospheric pressure inside the lung is equalized by that
outside it, and the elastic tissue, freed from its opponent, ex-
erts its full power on the lung.

116. Walls of the Bronchial Tubes—Cilia.—The lungs
are clastic, whether alive or dead. During life the air which
they contain may be further affected by the contractility of
the muscular walls of the bronchial tubes. If water is poured
into the lungs of a recently-killed animal, and a series of elec-
tric shocks is then sent through the bronchial tubes, the latter
contract, and the water is forced out. Lastly, during life a
further source of motion in the bronchial tubes is provided by
the cilia—minute filaments attached to the epithelium of the
tubes, which incessantly vibrate backward and forward, and

A -
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F1a. 83. Fic. 84.

Fig. 88.—(E. I) External intercostal muscles.
- Fig. 84.——{1. 1) Internal intercostal muscles. The chest is sn;l:powd to be di-
vided vertically through the middle of the breast-bone (S¢.) and back-bone (¥, C)
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work in such a manner as to sweep liquid and solid matters
outward, or toward the trachea.

117. Movements cf the Chest-Walls.—(b) The ribs arc
attached to the spine, so as to be freely movable upon it ; but,
when left to themselves, they take a position which is inclined
obliquely downward aud forward.* Two sets of muscles, called
intercostals, pass between the successive pairs of ribs on cach
side. The outer set, called external intercostals, run from the
rib above obliquely downward and forward to the rib below.
The other set, internal intercostals, cross these in direction passing
from the rib above, downward and backward to the rib below.

The action of thesc muscles is somewhat puzzling at first,
but is readily understood if the principle that, when a muscle
contracts, it lends to make the distance between its two ends as
short as possible, be borne in mind. Let a and &, Fig. 35, be
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Fig. &‘Xmgodels Illnstnung the action of the external and internal intercostal
vation. Fig. 87, expiratory depression.

two parallel bars, movable by their ends upon the upright ¢,
which may be regarded as at the back of the apparatus, then a
line directed from z to y will be inclined downward and for-
ward, and one from w to z will be directed downward and
backward. Now, it is obvious that there is one position of the

* I purposely neglect the consideration of the eartiluges of the ribs in order not to
complicate the question unnecessarily.
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rods, and one only, in which the points 2 and y are at the '
shortest possible distance, and one position only in which the
points w and z are at the shortest possible distance; and these
are, for # and y the position Fig. 36, and for w and z the position
Fig. 37. These positions are respectively such that the points
z, y, and w, 2, arc at the ends of a straight line perpendicular
to both rods.

Thus, to bring # and y into this position, the parallel rods
in Fig. 35 must move upward; and to bring w and z into it,
they must move in the opposite way.

If the simple apparatus just described be made of wood,
hooks being placed at the points z, y, and w, z; and an clastic
band, as long when left to itself as the shortest distance be-
tween these points, be provided with eyes which can be readily
put on to or taken off these hooks: it will be found that when
the bars are in the horizontal position Fig. 35, the elasticity
of the band hooked on to z and y will bring them up into the
position in Fig. 36; while, if hooked on to » and 2, it will
force them down into the position shown in Fig. 37.

Substitute the contractility of the external and internal
intercostal muscles for the clasticity of the band, and it will
precisely exemplify their action ; and it is thus proved that the
external intercostals raise, and the internal intercostals depress,
the bony ribs.

118, The Diaphragm—is a great partition sitnated be-
tween the thorax and the abdomen, and always concave to the
latter and convex to the former. From its middle, which is
tendinous, muscular fibres extend downward and outward to
the ribs, and two, especially strong, masses, which are called
the pillars of the diaphragm, to the spinal column. When
these muscular fibres contract, therefore, they tend to make
the diaphragm flatter, and to increase the capacity of the
thorax at the cxpense of that of the abdomen, by thrusting
down the bottom of the thoracic box, Fig. 38,

119. Action of Different Parts compared.—Let us now
consider what would be the result of the action of the parts
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of the respiratory apparatus, which have been described, if the
diaphragm alone should begin to contract at regular intervals.

When it contracts it increases the vertical dimensions of
the thoracic cavity, and tends to pull away the lining of the
bottom of the thoracic box from that which covers the base of

Fic. 38.
Tue DIAPIRAGM VIEWED FROM TINE LOWER OR ABDOMINAL BIDE.

¥. C. L, the vena cava inferior; &, the asophagus; Ao., the aorta; Th. D, the
thoracic duct, cut where they pass through the diaphragm, the broad wkite tendinous
middle of which is easily distinguished from the radiating muscular fibres which pass
down to the ribs and into the pillurs in front of the vertebrs,
the lungs; but the air immediately rushing in at the traches,
proportionately increases the distension of the lungs, and pre-
vents the formation of any vacuum between the two pleurz at
this point. When the dizphragm ceases to contract, so much
of the elasticity of the lungs as was neutralized by the contrac-
tion of the diaphragm, comes into play, and the extra uir taken
in is driven out again. Woe have, in short, an Jnspiration and
an Ezpiration.

Suppose on the other hand that, the diaphragm being qui-
escent, the external intercostal muscles contract. The ribs
will be raised from their oblique position, the antero-posterior
dimensions of the thoracic cavity will be increased, and the
lungs will be distended as before to balance the enlargement,
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If now the external intercostals relax, the action of gravity
upon the ribs, and the elasticity of the lungs, will alonc suffice
to bring back the ribs to their previous positions and to drive
out the extra air; but this expiratory action may be greatly
aided by the contraction of the internal intercostals.

SecrioN 1V.—Inspiration and Ezpiration.

120. Accessory Muscles.—Thus it appears that we may have
either diaphragmatic respiration or costal respiration. As a gen-
eral rule, however, not only do the two forms of respiration coin-
cide and aid one another—the contraction of the diaphragm tak-
ing place at the same time with that of the external intercostals,
and its relaxation with the contraction of the internal inter-
costals—but sundry other accessory agencies come into play.
Thus, the muscles which connect the ribs with parts of the
spine above them, and with the shoulder, may, more or less
extensively, assist inspiration; while those which conmect the
ribs and breastbone with the pelvis and form the front and
side walls of the abdomen, are powerful aids to expiration. In
fact, they assist expiration in two ways: first, directly, by pull-
ing down the ribs; and next, indirectly, by pressing the vis-
cera of the abdomen upward against the under surface of the
diaphragm, and so driving the floor of the thorax upward.

It is for this reason that, whenever a violent expiratory cffort
is made, the walls of the abdomen are obviously flattened and
driven toward the spine, the body being at the same time bent
forward.

In taking a deep inspiration, on the other hand, the walls
of the abdomen are relaxed and become convex, the viscera
being driven against them by the descent of the abdomen—the
spine is straightened, the head thrown back, and the shoulders
outward, 8o as to afford the greatest mechanical advantage to all
the muscles which can elevate the ribs.

121. How Respiration differs in the two Sexes.—It is
a remarkable circumstance that the mechanism of respiration
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is somewhat different in the two sexes. In men, the diaphragm
takes the larger share in the process, the upper ribs moving
comparatively little; in women, the reverse is the case, the
respiratory act being largely costal.

Sighing is a deep and prolonged inspiration, * Snifting” is
a more rapid inspiratory act in which the mouth is kept shut,
and the air made to pass through the nose,

Coughing is a violent expiratory act in which, a deep in-
spiration being first taken, the glottis is closed and then burst
open by the violent compression of the lungs by the expiratory
muscles, the diaphragm being relaxed and the air driven
through the mouth. In sneezing, on the contrary, the cavity
of the mouth is shut off and the air forced through the nasal

passages.

Al

Fia. 8. Fi6. 40,

D1aeRAMMATIC SECTIONS OF THE BoDY IN

89, inspiration; Fig. 40, cxpiration: 7~ trachea; S sternum; D dla hragm ;
Pl 89, J. abdominal walls.PThe shading Indicates the statlonary P !
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122. Residual, Supplemental, and Tidal Air.—It thus
appears that the thorax, the lungs, and the trachea coustitute
a sort of bellows without a valve, in which the thorax and the
lungs represent the body of the bellows, while the trachea is
the pipe; and the effect of the respiratory movements is just
the same as that of the approximation, and separation of the
handles of the bellows, viz., to drive out and draw in the air
through the pipe. There is, however, one différence between
the bellows and the respiratory apparatus, of great importance
in the theory of respiration, though frequently overlooked, and
that is, that the sides of the bellows can be brought close to-
gether so as to force out all, or nearly all, the air which they
contain ; while the walls of the chest, when approximated as
much as possible, still enclose a very considerable cavity
(Fig. 40); so that, even after the most violent expiratory effort,
a very large quantity of air is left in the lungs.

The amount of this air which cannot be got rid of, and is
called Residual air, is, on the average, from 75 to 100 cubic
inches.

About as much more in addition to this remains in the
chest after an ordinary expiration, and is called Supplemental
air,

In ordinary breathing, 20 to 80 cubic inches of what is con-
veniently called Z%dal air pass in and out. It follows that, after
an ordinary inspiration, 100 + 100 + 30 = 230 cubic inches,
may be contained in the lungs. By taking the deepest possi-
ble inspiration, another 100 cubic inches, called Complemental
air, may be added.

123. The Stationary Air plays the part of a Middle-
man.—TIt follows from these data that the lungs, after an ordi-
nary inspiration, contain about 280 cubic inches of air, and
that only about oneseventh to one-cighth of this amount is
breathed out and taken in again at the next inspiration. Apart
from the circumstance, then, that the fresh air inspired has to
fill the cavities of the hinder part of the mouth, and the trachea,
and the bronchi, if the lungs were mere bags fixed to the ends

5
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of the bronchi, the inspired air could only occupy that one-
fourteenth to one-sixteenth of the capaeity of cach nearest the
bronchi, to be driven out again at the next expiration. But
as the bronchi braneh.-out into a prodigious number of bron-
chial tubes, the inspired air can only penetrate for a certain dis-
tance along these, and can never reach the air-cells at all.

Thus the Residual and Supplemental air taken together are,
under ordinary circumstances, stationary—that is to say, the
air comprehended under these names merely shifts its outer
limit in the bronchial tubes, as the chest dilates and contracts,
without leaving the lungs; the tidal air, alone, being that
which leaves the lungs and is renewed in ordinary respiration.

It is obvious, therefore, that the busincss of respiration is
essentially transacted by the stationary air, which plays the
part of & middle-man betwcen the two parties—the blood and
the fresh tidal air—who desire to exchange their commoditics,
carbonic acid for oxygen, and oxygen for carbonic acid.

Now there is nothing interposed between the fresh. tidal air
and the stationary air; they are aériform fluids, in complete
contact and continuity, and hence the exchange between them
must take place according to the ordinary laws of :gaseous dif-
fusion.

124, Composition of the Stationary Air,—Thus, the
stationary air in the air-cells gives up oxygen to the blood, and
takes carbonic acid from it, though the exact mode in which
the change is effected is not thoroughly understood. By this
process it becomes loaded with carbonic acid, and deficient in
oxygen, though to what precise extent is not known. But
there must be a very much greater excess of the one, and defi-
ciency of the other, than is exhibited by inspired air, seeing
that the latter acquires its composition by diffusion in the short
space of time (four to five seconds) during which it is in con-
tact with the stationary air.

In accordance with these facts, it is found that the air ex-
pired during the first half of an expiration contains less car-
bonic acid than that expired during the second half. Further,
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when the frequency of respiration is increased without altering
the volume of cach inspiration, though the percentage of car-
bonic acid in each inspiration is diminished, it is not diminished
in the same ratio as that in which the number of inspirations
increases ; and hence more carbonic acid is got rid of in a given
time.

" Thus, if the number of inspirations per minute is increased
from fiftcen to thirty, the. percentage of carbonic acid evolved
in the second case remains more than half what it was in the
first casc, and hence the total evolution is greater.

125. Nervous System controls Respiration.—Of the
various mecharical aids. to the respiratory process, the nature
and working of which have now been described, one, the clas-
ticity of the lungs, is of the nature of a dead, constant force.
The action of the rest of the apparatus is under the control of
the nervous system, and varies from time to time.

As the nasal passages cannot be closed by their own action,
air has always frec access to the pharynx, but the glottis, or
entrance to the windpipe, is completely under the control of
the nervous system—the smallest irritation about the macous
membrane in its neighborhood being conveyed, by its nerves,
to that part of the cerebro-spinal axis which is called the me-
dulla oblongata. The medulla oblongata, thus stimulated, gives
risc, by a process which will be explained hereafter, termed
reflez action, to the contraction of the muscles which close the
glottis, and commonly, at the same time, to a viclent contrac-
tion of the expiratory muscles, producing .a ¢ cough.”

The muscalar fibres of the smaller bronchial tubes, no less
than the respiratory pump itself, formed by the walls and floor
of the thorax, are under the complete control of the nerves
which supply the muscles, and which are brought into action
in consequence of impressions conveyed by the pneumogastric
and othier nerves.

126. Respiration and Circulation compared.—From what
has been said, it is obvious that there are many analogies be-
tween the circulatory and the respiratory apparatus. Each
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consists essentially of a kind of pump which distributes a fluid
(aériform in the onc case, liquid in the other) through a series
of ramified distributing tubes to a system of cavities (capilla-
rics or air-cells), the volume of the contents of which is greater
than that of the tubes. )

In each, the pump is the cause of motion of the fluid, but
that motion may be regulated, locally, by th¢ contraction or
relaxation of the muscular fibres contained in the walls of the
distributing tubes. But, while the rhythmic movement of the
heart depends upon a nervous apparatus placed within itself,
that of the respiratory apparatus results mainly from the opera-
fion of a nervous centre lodged in the medulla oblongata.

Secrion V.—Effects of Respiration.

127. Their Secondary Phenomena,—As there are certain
sccondary phenomena which accompany, and are explained by,
the action of the heart, so there are secondary phenomend
which are similarly related to the working of the respiratory
apparatus. These are—(1) the respiratory sounds, and (2) the
effect of the inspiratory and cxpiratory movements upon the
circulation. ‘

128. The Respiratory Murmurs.—The respiratory sounds,
or murmurs, are audible when the ear is applicd to any part of
the chest which covers one or other of the lungs. They ac-
company inspiration and expiration, and very much resemble
the sounds produced by breathing through the mouth, when
the lips are so applied together as to leave a small interval.
Over the bronchi the sounds are louder than over the general
. surface. It would appear that thesc sounds are produced by
the motion of the air along the air-passages.

129. Inspiration assists the Circulation.—In conse-
quence of the clasticity of the lungs, a certain force must he
expended in distending them, and this force is found exper-
imentally to become greater and greater the more the lung is
extended; just as in stretching a piece of india-rubber more
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force is required to stretch it a good deal, than is needed to
stretch it only a little. Hence, when inspiration takes place,
and the lungs are distended with air, the heart and the great
vessels in the chest are subjected to aless pressure than are
the blood-vessels of the rest of the body.

For the pressure of the air contained in the lungs is ex-
actly the same as that exerted by the atmosphere upon the
sarface of the body; that is to say, fifteen pounds on the
square inch. But a certain amount of this pressure exerted by
the air in the lungs is counterbalaneed by the elasticity of the
distended lungs. Say that in a given condition of inspiration
a pound pressure on the square inch is nceded to overcome
this elasticity, then there will be only fourteen pounds’ pres-
sure on every square inch of the heart and great vessels, And
hence the pressure on the blood in these vessels will be one
pound per square inch less than that on the veins and arteries
of the rest of the body. If there were no aortic, or pulmo-
nary, valves, and if the composition of the vessels, and the
pressure upon the blood in them, were everywhere the same,
the result of this excess of pressure on the surface would be,
to drive all the blood from the arteries and veins of the rest of
the body into the heart and great vessels contained in the
thorax. And thus the diminution of the pressure upon the
thoracic blood cavities produced by inspiration, would prac-
tically suck the blood from all parts of the body toward the
thorax. But the suction thus exerted, while it hastened the
flow of blood to the heart in the veins, would equally oppose
the flow from the heart to the arterics, and the two effects
would balance one another.

130. Unequal Pressures facilitate the Circulation.—As
a matter of fact, however, we know—

(1) That the blood in the arteries is constantly under a
very considerable pressure, while that of the veins is under little
OF No pressure.

(2.) That the walls of the arteries are strong and elastic,
while those of the_veins are weak and flabby.
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(8.) That the veins have valves opening toward the heart:
and that, during the diastole, there is no resistance of any
moment to the free passage of blood into the heart; while.on
the other hand, the cavity of the arteries is shut off from that
of the ventricle during the diastole, by the closure of the semi-
lunar valves. ‘

Hence it follows that equal pressures applied to the surface
of the veins. and to that of the arteries must produce very dif-
ferent effects. In the veins the pressure is something which
did not exist before; and, partly from the presence of valves,
partly from the absence of resistance in the heart, partly from
the presence of resistance in the capillaries, it all tends to ac-
celerate the flow of blood foward the heart. In the arteries,
on the other hand, the pressure is only a fractional addition to
that which existed before; so that during the systole it only
makes a comparatively small addition to the resistance which
has to be overcome by the ventricle; and during the diastole,
it superadds itself to the elasticity of the arterial walls in driv-
ing the blood onward toward the capillaries, inasmuch as all
progress in the opposite direction is stopped by the semilunar
valves.

It i3, thercfore, clear that the inspiratory movement, on the .
whole, helps the heart, inasmuch as its gencral resnlt is to dnve
the blood the way that the heart propels it.

131. Effect of Expiration on the Circulation.—In expira-
tion, the difference between the pressure of the atmosphere on
the surface, and that which it exerts on the contents of the
thorax through the lungs, becomes less and less in propor-
tion to the completeness of the expiration. Whenever, by
the ascent of the diaphragm and the descent of the ribs,
the cavity of the thorax is so far diminished that pressure is
exerted on the great vessels, the veins, owing to the thinness
of their walls, are especially affected, and a check is given to
the flow of blood in them, which may become visible as 3
venous pulse in the great vessels of the neck. In its effect on
the arterial trunks, expiration, like inspiration, is, on the
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whole, favorable to the circulation ; the increased resistance to
the opening of the valves during the ventricular systole being
more than balanced by the advantage gained in the addition
of the cxpiratory pressure to the elastic reaction of the arterial
walls during the diastole.

‘When the skull of a living animal is laid open and the
brain exposed, the cerebral substance is seen to rise and fall
synchronously with the respiratory movements; the rise cor-
_ responding with expiration.

132. Stoppage of the Heart by Distension of the Lungs.—
Hitherto, I have supposed the air-passages to be freely open
during the inspiratory and cxpiratory movements. Bat if, the
lungs being distended, the mouth and nose are closed, and a
strong expiratory eflort is then' made, the heart’s action may
be stopped altogether.* And the same result occurs if, the
the lungs being partially emptied, and the nose and mouth
closed, a strong inspiratory effort is'made. In the latter case
the excessive distension of the right side of the heart, in con-
scquence of the flow of blood into it, may be the cause of the
arrest of the heart’s action, but, in the former, the reason of
the stoppage is not very clear. -

1383. Circumstances modifying Respmtxon.—The activ-
ity of the respiratory. process is .greatly modified by the cir-
cumstances in which the body is placed. Thus, cold greatly
increases the quantity of air which is breathed, the quantity
of oxygen absorbed, and of carbonic acid expelled : exercisc
and the taking of food have a corresponding effect.

In proportion to the weight of the body, the activity of the
respiratory process is far greatest in children, and diminishes
gradually with age.

- The excretion of carbonic acid is greatest during the day
and gradually sinks at night, attaining its minimum about mid-
night, or a little after.

The quantity of oxygen which disappears in proportion to
the carbonic acid given out, is greatest in carnivorous, least in

* There is dangér In attempting this experiment.
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herbivorous animals—greater in a man living ou a flesh diet,
than when the same man is feeding on vegetable matters,

134, Asphyxia.—When a man is strangled, drowned, or
choked, or is, in any other way, prevented from inspiring or
expiring sufficiently pure atmospheric air, what is called as-
phyzia comes on. He grows *black. in the face;” the veins
become turgid ; insensibility, not unfrequently accompanied
by convulsive movement, scts in, and he is dead in a few
minutes,

But in this aspbyxiating process two dcad]y mﬂnences ofa
distinct nature are cobperating ; one is the deprivation of ory-
gen, the other is the ezcessive accumulation of carbonic acid
in the blood. Oxygen starvation and carbonic acid poisoning,
each of which may be fatal in itself, are at work together.

The effects of oxygen starvation may be studied scparately
by placing a small animal under the receiver of an air-pump
and exhausting the air. In this case no accumulation of car-
bonic acid is permitted, but, on the other hand, the supply of
oxygen soon becomes insufficient, and the animal quickly dies.
And if the experiment be made in another way, by placing a
small mammal, or bird, in air from which the carbonic acid is
removed as soon as it is formed, the animal will nevertheless
die as soon as the amount of oxygen is reduced to ten per cent.
or thereabouts.

The directly poisonous effect of carbomc acid, on the other
hand, has been very much exaggerated. A very large quantity
of carbonic acid, ten to fifteen or twenty per cent., may be con-
tained in air, without producing any very serious, immediate
cffect, if the quantity of oxygen be simultaneously increased.

135. How it destroys Life.—Whichever may be the more
potent agency, the effect of the two, as combined in asphyxia,
is to produce an obstruction, firstly, in the palmonary circula-
tion, and, secondly, in the veins of the body generally. The
lungs and the right side of the heart, consequently, become
gorged with blood, while the arteries and left side of the heart
gradually empty themselves of the small supply of dark and
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unaérated blood which they receive. The heart becomes par-
alyzed, partly by reason of the distension of its right side,
partly from - being supplied with venous blood; and all the
organs of the body ccase to act.

136. Respiratory Poisons,—Whatever may be the case
for carbonic acid (which seems to be a poison rather neg-
atively, in virtue of its interference with oxygen, than from any
positive ill qualities of its own), carbonic oxide, arseniuretted
bydrogen, and sulphuretted hydrogen, are undoubtedly in
themselves poisons of a deadly kind, and, when taken into the
blood by the lungs, produce the worst effects.

137. Slow Asphyxiation.—It is not necessary, however,
absolutely to strangle or drown a man in order to asphyxiate
him. As, other things being alike, the rapidity of diffusion
between two gaseous mixtures depends on the difference of
the proportions in which their constituents are mixed, it fol-
lows that the more nearly the composition of the tidal air ap-
proaches that of the stationary air, the slower will be the dif-
fusion of carbonic acid outward and of oxygen inward, and the
more charged with carbonic acid and defective in oxygen will
the air in the air-cells become. And, on increasing the pro-
portion of carbonic acid in the tidal air, a point will at length
be reached when the change effected in the stationary air is
too slight to enable it to relieve the pulmonary blood of its
carbonic acid, and to supply it with oxygen to the extent
required for its arterialization.

In this case the blood, which passes into the left side of
the heart, and is thence distributed to the body, being venous,
all the symptoms of insensibility, loss of muscular power, etc.,
which have been enumerated above as the result of supplying
the brain and muscles with venous blood, will follow, and a
state of suffocation, or asphyxia, will supervene.

Asphyxna takes place whenever the proportion of carbonic
acid in tidal air reaches ten per cent. (the oxygen being dimin-
ished in like proportion) ; and it of course makes no difference
whether the quantity of carbonic.acid in the air breathed is

5*
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increased by shutting out fresh air; or by increasing the num-
ber of persons who are consuming the same air; or by suffer-
ing combustion, in any shape, to carry off oxygen from the air.

138. Vital Necessity of Ventilation.—The deprivation of
oxygen, and the accumulation of carbonic acid, cause injury,
however, long before the asphyxiating poiot is reached. Un-
casiness and headache arise when less than one per cent. of
the oxygen of the air is replaced by other matters ;* while the
persistent breathing’ of such air tends to lower the tone of the
system, and predisposes it to disease.

Hence the necessity of sufficient air and of ventilation for
every human being. To be supplied with respiratory air in a
fair state of purity, every man ought to have at least 800 cubic
feet of space to himself, and that space ought to be freely ac-
cessible by direct, or indirect, channels to the atmosphere.

CHAPTER VI.
THE SOURCES OF LOSS AND OF GAIN TO THE,BLOOD.
Section I.—Sources of Loss to the Blood.

139. Distribution of Arterial Blood.—The blood, which
has been aérated, or arterialized, in the langs by the. process
described in the preceding chapter, and then, having been car-
ricd from the lungs by the pulmonary vein to the. left-auricle,
has been forced by the auricle into the ventricle and by the
ventricle into the aorta, is -distributed by the great arterics
which spring from that vessel, as it traverses the thorax, to the
head, the arms, and' the walls of . the body. Passing through
the diaphragm (Fig. 38), the aortic trunk cnters the cavity of
the abdomen, and becomes what is called the abdominal aorta,
from which vessels are given off to the viscera of the abdomen.
Finally, the main stream of blood flows into the iliac arteries,
whence the viscera of the pelvis and the legs are supplied.
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Fromr the drteries the blood, as we have seen, enters the capik
laries and; as it traverses them, the products of the waste of
the tissues constantly potrr into it. Furthermore; as the blood
contains living: corpuscles, which, like all other living things,
decay. and die, it follows that if the bleod is to be kept pure,
the waste matters thus incessantly poured into, or generated
in it; must be a3 constantly got rid of, or excreted.

".-140.. The Various Drains upon the Blood.—Three dis-
tinct sets of organs are especially charged with this office of
continually excreting carbonic acid, water, and urea. They are
the Lungs,.the Kidneys, and the Skin; and hence, these three
great organs may be. regarded as keeping up so many drains
upon the blood—as so many channels by which it is constantly
losing substancé,

Further, the blood, as it traverses the capillaries, is con-
stantly losing matter by exudation into the surronndmg tis-
sues, -

Another kmd of loss takes place from the surface of the
body generally, and from the interior of the air-passages and
lungs. From the former, heat is constantly being given off by
radiation, evaporation, and conduction; from the latter, chiefly
by evaporation.

141. Loss by the Liver and Inmgu.—The blood which
enters the liver is constantly losing material to that organ ; but
the loss is oﬁly temporary, as_ almost all the matter lost, con-
verted into sugar and into bile, reénters the current of the cir-
culation in the liver itself, or elsewhere,

Again, the loss of matter and of heat by the lungs, in
respiration, is partially made up by the no less constant gain
which results from the quantity of oxygen absorbed: at each
inspiration, and from the heat generated by this oxygen in the
tissues. And the loss by exudation from the capillaries is, in
some .degree, compensated by the gam from the lymphatncs
and ductless glands. .

142. Other Losses and Gamu.—-In the instances just men-
tioned the ld¢s and gain are constant, and go on while life and
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health last. But there are certain other operations which
cause either loss or gain to the blood, and which are not con-
tinuous, but take place at intervals. . These are, on the side of
loss, the actions of the many secretory glands which separate
certain substances from the blood at recurrent petiods, in the
intervals of which they are quiescent. -

On the side of gain, they are, the contractions of the
mauscles, which, during their activity, cause a great quantity of
waste materials to appear in the blood ; and the operations of
the alimentary canal, which, for a certain period after it is sup-
plied with food, pours new materials into the blood.

" Under some circumstances, the skin may become a source’
of gain by absorbing fluids.

The sources ‘of loss and gain to the blood may be conve-
niently arranged in the following tabular form :

A INCESSANTLY ACTIVE SOURCES OF Loss oR GaIN’ TO THE
Broob.

. a Sources.of Loss.
1. Loss of matter.
1. The lungs.
2. The kidneys.
8. The skin.
4. The liver.
5. The tissues generally.

II. Loss of heat.
1. The free surfaces of the body.

b Sources of Gain.

L Gain of matter.
1. The lungs.
- 2. The liver.
3. The spleen, ductless glands, and lymphatlc system.
" 4. The tissues generally

1. Gain of heat.
1. The blood itself and the tissues generally.
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B. INTERMITTENTLY ACTIVE SOURCES OF Loss oR GaAIx 10
THE BLoob.

a. Source of Loss, o
1. Many secreting glands.

b. Sources of Gain.
1. The muscles.
2. The alimentary canal,
8. The skin.

143. Constant Loss by the Kidneys.—In the preceding
chapter I have described the operation by which the lungs
withdraw from the blood much carbonic acid and water, with
a fractional quantity of urea, and take oxygen into the blood;
I now proceed to the second source of continual loss, the Kip-
NEYS.

Of these organs there are two, placed at the back of the
abdominal cavity, one on each side of the lumbar region of
the spine. Each is shaped like the kidney of a sheep, but
somewhat larger,—its depressed or concave side turned inward,
and its convex side outward (Fig. 41). From the middle of
the concave side (called the Ailus) of each kidney, a long tube
with a small bore, the Ureter, proceeds to the bladder (BL).
The latter is an oval bag placed in the pelvis, the walls of
which contain abundant unstriped muscular fibre, while it is
lined, internally, by mucous membrane, and coated externally
by. the peritoncum. The ureters open side by side, but at
some little distance from one another, on the posterior and in-
ferior wall of the bladder; in front of them is a single aperture
which leads into the canal called the Urethra, by which the
cavity of the bladder is placed in communication with the ex-
terior of the body. The openings of the ureters enter the
wall of the bladder obliquely, so that it is much more easy for
fluid to pass from the ureters into the bladder than for it to get
the other way, from the bladder into the ureters. .

Mechanically speaking, there is little obstacle to the free



110 .. ELEMENTARY ‘PHYSIOLOGY:

flow of fluid from the ureters into the bladder, and from the
bladder -into the-urethra, and- so ‘outward ;- but certain mus-
cular fibres arranged circalarly around the part called the

“ neck” of the bladder, which passes into the urethra, consti-

tute what is termed a sphincter, and are:usnally, during life, in
a state of contraction, while the other muscular fibres of the
bladder are relaxed. It is only at intérvals that this state of

I"m 41 )
The kidneys (X); ureters (Ur); with t‘heaoth and vena cava inferior (V.C.1)4

and the renal arteries and veins. _BZ is the der, the top of which is cut off so
as to show the openings of the vrcters (11), and that of the urethra (2).

matters is reversed and tbe walls of 'the bladder contracting,
while the sphincter relaxes, its contents, the urine, are dis-
charged. - But, though the - expulsion of the secretion of the
kldne)s from' the body is thus intermittent, the excretion itself
is constant, and the urinary fluid mc&santly flows, drop by
drop, from the opening of the ureters into the bladder, where
it accumulates, until its quanmv is-sufficient to give rise to. the
uneasy sensations whxch compel its expulsion, :

144, Kidneys and Lungs compared.—The excretion of
nitrogenous waste and water with a little carbonic acu] by the



SOURCES OF LOSS TO- THE -BLOOD. 111

kidneys, is thus strictly comparable to that of carbonic..acid
water, with a little urea, by the lungs, in the air-cells of which
carbonie acid and watery vapors are’ incessantly accumulating,
to be periodically expelled by the act of expiration. But the
operation of the renal apparatas differs from that of the respi-
ratory organs, in the far longer intervals between the excretory
acts, -and still more in the circumstance . that, while what .the
lungs take into the body.is as importaut as what they give ont,
the kidneys take in nothing.

-145. Composition of Renal kuetim—'l‘he renal ex-
cretion has naturally an acid. reaction, and consists of wrea
and wuric acid ; sundry other .animal produ&:ts of less impor-
tance; with saline ‘and gaseous matters, hcld in solution by a
large quantity of water. '

The quantity and composition of the urine vary greaﬂy ac-
cording to the time of day, the temperature' and moisture of
the air, the fasting or replete condition of the alimentary canal,
and the nature of the food. )

Urea and uric acid are both composed of the elements car-
bon, hydrogen, oxygen, and nitrogen, but urea is by far the more
soluble compound, and greatly exceeds the uric acid in quantity.

An average healthy man cxcretes by the kidneys about fifty
ounces, or 24,000 grains, of water a day. In this are dissolved
500 grains of urea, but not more than 10 to 12 grains of uric
acid.

The amount of other animal matters and of saline sub-
stances, varies from .one-third as much to nearly the same
amount as the urea, The saline matters consist chiefly of
common salt, phosphates_and . sulphates. of potash, soda, liiné,
and magnesia. The gases are the same as those in the blood,
name]y, carbonic "acid, oxygen, and mt,rogen. " But the quan
tity is, proportlonably, less than one-third as great and "the
carbonic acid is in very large, whxle tho oxygen is in very sma.l},
amount.’

" The average specific: grant,y does not dxﬁ'er very> widely
ﬁ‘om ‘that of blood sermm, -being 1-020. .
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146. The Structure of the Kidney.—It will be observed
that all the chief constituents of the urine are already contained
in the blood, and indeed, it might almost be said to be the
blood devoid of its corpuscles, fibrin, albumen, and iron. Speak-
ing broadly, it is such a fluid as might be separated from the
blood by the help of any kind of filter which had the property
of ‘retaining these constituents, and letting the rest flow off.
The filter required is found in the kidney, to the structure of
which we must now turn.

. When & longitudinal section of a kidney is made (Fig. 42),
the upper end of the ureter (d) séems to widen out into a basin-
like cavity (c), which is called the pelvis of the kidney. - Into
this, sundry _conical ‘elevations project, the surmits of which
" present multitudes -of minute openings—the final terminations
of the tubuli, of which the thickness of the kiduney is chiefly
made up. If the tubules are traced from their openings toward
the outer surface, they are found, at first, to lie parallel with one

Fre. 42,
D L M B AT
another in bundles, which radiate toward that surface, and sub-
divide as they go; but at length they spread about irregularly,
and become' interlaced. - From this circnumstance alone, the
middle, or medullary, part. (marrow, medulla) of the kidney
looks - different from the superficial, or cortical, part (bark,
cortex) “but, in addition, the qortlcal part is more abundantly
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supplied with vessels than the medullary, and hence has a
darker aspect. Each tubule (or, at any rate, most of them)
ends at last in a dilatation (Fig. 43), which is called a Malpi-
ghian capsule. Into the summit of this a small vessel (), one
of the ultimate branches of the renal artery, enters, and imme-
diately breaks up into a bunch of looped capillaries, called a
glomerulus (k), which nearly fills the cavity of the capsule.
The blood is carried away from this glomerulus by a small vein
(9), which does not, at once, join with other veins into a larger
venous trunk, but opens into the network of capillaries which
surrounds the tubule, thus repeating the portal circulation on a
small scale.

X
Frc. 4.

43—Malplghlan capeule (). with 1
n&nll:g o:tt dit\::g{: nié:which ";h ?pe"::ht”g, gﬂﬁfmﬁ 1,‘.”,),1.‘23 ta,beepi 8-
Flg. 44~ The epithellum e artery; g, the vein; A, the glomerulus,

The tubule has an epithelial lining (d) continuous with that
of the pelvis of the kidney, and the urinary passages generally.
The epithelium is thick and plain enough in the tubule, but it
becomes very delicate, or even disappears, in the capsule and
on the g]omerulus.
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147. The Filtering Mechanism.-—It is obvious from this
description that the surface of the glomerulus is, practically,
free, or in direct communication with the exterior; and further,
that, in each vessel of the glomerulus, a thin stream of blood
constantly flows, only separated by the very delicate membrane
of which the wall of the vessel is composed from the cavity of
the tubule, The Malpighian capsule may, in fact, be regarded
as a funnel, and the membranous walls of the glomerulus as a
piece of very delicate filtering paper, into which the blood is
poured.

148, Changes of the Blood while passing throngh the
Kldneyl.—The blood which supplies the kidneys is brought
directly from the aorta by the renal arteries, so that it has but
shortly left the heart. The venous blood which enters the
heart and is propelled to the lungs, charged with the nitro-
genous, as well as with the other, products of waste, loses only
an inappreciable quantity of them in its course through the
lungs; so that the arterial blood which fills the aorta is pure
only as regards carbonaceous waste, impure as regards urea and
uric acid.

In the healthy condition, the walls of tbe minute renal.
arteries and veins are relaxed, so that the passage of the blood
is very free, and but little waste, arising from muscular con-
traction, is thrown into the renal blood. Furthermore, as the
urine contains very little oxygen and much carbonic acid, such
- carbonaceous waste as arises from this source is probably
“counterbalanced. Hence, so long as the kidney is performing

its functions properly, the blood which leaves the organ by the
renal vein is as bright scarlet as that which. enters it by the
renal artery. Strictly speaking, it is the purest blood in the
body, careful analysis having shown that it countains a sensibly
smaller quantity of urea and of water than that of the left side
of the heart.

" This difference i is, of course, a necessary result of the excre-
tion of the urinary fluid from the blood as it travels through
the kidney; what is less intelligible, at present, is the circum-
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stance that the plasma of the blood of the renal vein yields
little or no fibrin, and hence differs but little from serum,

149, The Nervous System controls the Renal Excretion.
—TIrritation of the nerves which supply the walls of the vessels
of the kidney has the immediate effect of stopping the excre-
tion of urine, and rendering the renal blood dark and venous.
The first effect would appear to be explicable by the diminu-
tion of the pressure exerted upon the blood in the Malpighian
tufts, in consequence of the diminution in size of the channels
—the small arteries—by which the blood reaches them. And
the second efléct is probably, in part, a consequence of the
first—the excretion of carbonic acid by the urine ceasing;
while, to a greater extent, it is the result of the pouring in of
- earbonic acid into the renal blood, in consequence of the work

of the muscles of the small vessels, and the waste which results
therefrom.

150. The Loss by the 8kin.—That the skin is a source of
continual loss to the blood may be proved in various ways, If
the whole body of a man, or one of his limbs, be enclosed in a
caoutchouc bag, full of air, it will be found that this air under-
goes changes which are similar in kind to those which take
place in the air which is inspired into the lungs. That is to

. 88y, the air loses oxygen and gains carbonic acid; it receives
a great quantity of watery vapor, which condenses upon the
gides of the bag, and may be drawn off by a properly disposed
pipe; and, furthermore, a minute quantity of urea accumulates
upon the surface of the limb or body. Under ordinary cir-
cumstances no liquid water appears upon the surface of the
integument, and the whole process receives the name of the in-
sensible perspiration. But, when violent exercise is taken, or
under some kinds of mental emotion, or when the body is
exposed to a hot and moist atmosphere, the perspiration be-
comes sensible,—is visible in the form of scattered drops npon
the surface. ,

161." Quantity of the Cutaneous Excretions.—The quan-
tity of sweat, or perspiration, varies immensely, according to
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the temperature and other conditions of the air, and according
to the state of the blood and of the nervous system. Itis
estimated that, as a general rule, the quantity of water ex-
creted by the skin is about double that given out by the lungs
in the same time. The quantity of carbonic acid is not above
th or g;th that excreted by the lungs. The precise quantity
of urea excreted is not known.

In its normal state the sweat is acid,.and contains fatty
matters, even when obtained free from the fatty products of
the sebaceous glands. Ordinarily, perspiration, as it collects
upon the skin, is mixed with the fatty secretion of these
glands; and, in addition, contains scales of the external layers
of the epidermis, which are coustantly being shed. v

152. Pespiration by Simple Transudation.—In analyzing
the process by which the perspiration is eliminated from the
body, it must be recollected, in the first place, that the skin,

- even if there were no glandular structures connected with it,
would be in the position of a moderately thick, permeable
membrane, interposed betwecen a hot fluid, the blood, and an
atmosphere which is, usually, far from saturated with watery
vapor, and which, at any rate in temperate climates, ceases to
be so saturated the moment it comes into contact with the
skin, the temperature of which is, ordinarily, twenty or thirty
degrees above its own.

A bladder filled with water at 100°, though it possess no
sensible pores, will assuredly allow evaporation to take place
freely through its substance ; and, from its relation to the blood,
the skin is such a bladder full of hot fluid.

Thus, perspiration to a certain amount must always be
going on through the substance of the integument; but what
the amount of this perspiration may be, cannot be ascertained,
because a second and very important source of the perspira-
tion is to be found in what are called the sweat-glands.

153. Sweat-glands.—All over the body the integument
presents minute apertures, the ends of channels excavated in
the epidermis or scarf-skin, and each continuing the direction
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of a minute tube, usually about y}th of an inch in diameter,
and a quarter of an inch long, which is imbedded in the dermis.
Each tube is lined with an epithelium continuous with the epi-
dermis. The tube sometimes divides, but, whether single or
branched, its inner end or ends are blind, and coiled up into a
sort of knot, interlaced with a meshwork of capillaries (Fig. 45).
The blood in these capillaries is therefore separated from the
cavity of the sweat-gland only by the thin walls of the capil-
laries, that of the glandular tube, and its epithelium, which,
taken together, constitute but a very thin pellicle; and the ar-
rangement, though different in detail, is similar in principle,
to that which obtains in the kidney. In the latter, the vessel

Fia. 4‘;».
Fig. 45.—8ection of the skin showing the sweat-glands. a, the 8 b, its d
er layer, tho rete Malpighii; e d, the dermis, or tr::e skin; £, fat éell's: geteg;

colled end of a sweat-gland; A, its duct; 4, its opening on the surface of the
mg.i%l.gzm:e.cﬂon of the skin showing the roots of the hairs and the sebaceous

glands ; b, muscle of ; ¢, the hair-sheath on the left hand.
makes a coil within the Malpighian capsule, which ends a
tubule. Here the perspiratory tubule: coils about, and among,
the vessels. In both cases the same result is arrived at—
namely, the exposure of the blood to a large, relatively free,
surface, on to which certain of its contents transude.

The number of thése glands varies in different parts of the
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body. They are fewest in the back and neck, where their
number is not much more than 400 to a square inch. They
are more numerous on the skin of the palm and sole, where
their apertures follow the ridges visible on the skin, and amount
to between two and three thousand on the square inch. Ata
rough estimate, the whole integument probably possesses not
fewer than from two_ millions and a quarter to two millions and
a half of these tubules, which therefore must possess a very great
aggregate secreting power.

- 154. These Glands are oontrolled by the Nervous System.
—The sweat-glands arc greatly under the. influence of the
nervous system. This is proved, not merely by the well-
known effects of mental emotion in sometimes suppressing the
perspiration and sometimes causing it to be poured forth in
immense abundance, but has been. made a matter of direct ex-
periment. There are some animals, such as the horse, which
perspire very freely. If the sympathetic nerve of one side, in
the neck of a horse, be cut, the tempemtnre of that side of the
head rises, and it becomes mJected with blood (par. 74); and,
at the same time, sweat is poured out abundantly over the
whole surface thus affected. On irritating the end of the cut
nerve, which is in connection with the vessels, the muscular
walls of the latter, to which the nerve is distributed, contract,
the congestion ceases, and with it the perspiration.

155. Variations in the Perspiratory Loss2s.—The quan-
tity of matter which may be lost by perspiration, under certain
circumstances, is very remarkable. Ileat and severe labor
combined, may reduce the weight of a man two or three
pounds in an hour, by means of the cutaneous perspiration
alone ; and, as there is some reason to believe, that the quantity
of solid matter carried off from the blood does not diminish
with the increase of the amount of the perspiration, the quan-
tity of urea eliminated by profuse sweating may be consider-
able. .

The difference between blood which is coming from, and
that which is going to, the skin, can only be concluded from
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the nature of the substances given out in the perspiration; but
arterial blood is not rendered venous in the skin,

156. The Lungs, Skin, and Kidneys compared.—It will
now be instructive to compare together, in more detail than has
been done in the second chapter, the three great organs—lungs,
kidneys, and skin—which bave been described.

In ultimate anatomical analysis, each of these organs con-
gists of a moist animal membrane scparating the blood from
the atmosphere.

‘Water, carbonic acid, and urca puss out from the blood
through the animal membrane in each organ, and constitute
its secretion or excretion; but the threc organs differ in the
absolute and relative amounts of the constituents of which they
" permit the escape.

Taken by weight, water is the predominant excretion in
all three : most solid matter is given off by the kidneys; most
gaseous matter by the lungs.

The skin partakes of the nature of both lungs and kidneys,
seeing that it absorbs oxygen and exhales carbonic acid and
water, like the former, while it excretes urea and saline matter
in solution like the latter; but the skin is more closely related
to the kidneys than to the lungs. Hence, when the free action
of either of the two former organs is interrupted, its work is
usually thrown upon the other. In hot weather, when the ex-
cretion by the skin increases, that of the kidneys diminishes,
and the reverse is observed in cold weather.

This power of mutual substitution, however, only goes a
little way ; for if the kidneys be extirpated, or their functions
much interfered with, death ensues, however active the skin
may be. And, on the other hand, if the skin be covered with
an impenctrable varnish, the temperature of the body rapidly
‘falls, and death takes place, though the-lungs and kidneys re-
main active. '
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SectioN II.—Losses and Gains by the Liver.

157. Structure and Connections of the Liver.—The liver
i3 a constant source both of loss, and, in a sense, of gain to the
blood : of loss, because it forms from the blood a peculiar fluid,
the bile ; of gain, if not in quantity, at auy rate in kind of mat-
ter, because it elaborates from the blood which cuters it, a sub-
stance, glycogen, which is capable of passing very readily into
a kind of sugar, called glucose. Furthermore, it is very prob-
able that the liver is one source of the colorless corpuscles of
the blood.

The liver is the largest glandular organ in the body, ordi-
narily weighing about fifty or sixty ounces. It is a broad,
dark, red-colored organ, which lies on the right side of the
body, immediately below the diapbragm, with which its upper
surface is in contact, while its lower surface touches the intes.
tines and the right kidney.

The liver is invested by a coat of peritoneum, which keeps
it in place. It is flattened from above downward, convex and

Fia. 47,

The liver viewed from below. vena cava; b, vena ports ; c, bile duct ; d, hepati
fhery; 7, gali-bladder. 3., blle (neti 4, hepato

smooth above, where it fits into the concavity of the lower sur-
face of the diaphragm. Flat and irregular below (Fig. 47),
it is thick behind, but ends in a thin edge in front.
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Viewed from below, as in Fig. 47, the inferior vena cava,
a, is seen to traverse a notchb in the hinder edge of the liver as
it passes from the abdomen to the thorax. At & the trunk of
the vena porte is observed dividing into the chief branches
which enter into, and ramify through, the substance of the
organ. At d, the hepatic artery, coming almost directly from
the aorta, similarly divides, enters the liver, and ramifies through
it; while at ¢ is the single trunk of the duct, called the
hepatic duct, which conveys away the bile brought to it by its

F16. 48.
a,ultimate branches of the hepatic dact; , liver-cells.

right and left branches from the liver. Opening into the he-
patic duct is seen the duct of a large oval sac, J, the gall-blad-
der. The duct is smaller than the artery, and the artery than
the portal vein.

If the branches of the artery, the portal vein, and the bile
duct, be traced into the substance of the liver, they will be
found to accompany one another, and to branch out and sub- .
divide, becoming smaller and smaller. At length the portal
vein and hepatic artery will be found to end in the capillaries,
which traverse, like a net-work, the substance of the smallest
obvious subdivisions of the liver substance—polygonal masses
of one-tenth of an inch in diameter, or less, which are termed
the lobules. Every lobule is seated by its base upon one of the
ramifications of a great vein—the kepatic vein—and the blood

(]
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of its capillaries is poured into that vein by a minute veinlet
which traverses the centre of the acinus, and pierces its base.
Thus the venous blood of the portal vein and the arterial blood

Fr6. 49,

A section of part of the liver, to show /7. V. the hepatic vein, with L. the lobales or
;w:gii gt the liver, seated upon its walls, and sending their intralobular veins
n

of the hepatic artery reach the surface of the lobules by the
ultimate ramifications of that vein and artery, become mixed in
the capillaries of the acinus, and are carried off by its intre-
lobular veinlet, which pours its contents into one of the rami-
fications of the hepatic vein. These ramifications, joining
together, form larger and larger trunks, which at length reach
the hinder margin of the liver, and finally open into the vena
cava inferior, where it passes upward in contact with that part
of the organ. '

Thus the blood with which the liver is supplied is a mixture
of arterial and venous blood.
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‘What ultimately becomes of the ramifications of the hepatic
duct is not certainly known. Lined by an epithelium, which
is continuous with that of the main duct, and thence with that
of the intestines, into which the main duct opens, they may be
traced to the very surface of the lobules, but no farther.
Whether they end blindly, as some think, or whether, as others
conceive, they expand and close the liver-cells, is not clearly
proved. In either case, any fluid separated from the blood by
the lobules, must readily find its way into them.,

In the lobules themselves all the meshes of the blood-ves-
sels are occupied by the liver-cells, many-sided minute bodies,
each about 1¢'55th of an inch in diameter, possessing a nucleus
in its interior, and frequently having larger and smaller granules
of fatty matter distributed through its substance (Fig. 48, ),
It is in these that the active powers of the liver arc supposed
to reside.

158. The Active Powers of the Liver-Cells.—The nature
of these active powers is determined by ascertaining—

a. The character of that fluid, the bile, which incessantly
flows down the biliary duct, and which, if digestion is not going
on, and the passage into the intestine is closed, flows back into
and fills the gall-bladder.

And b. The difference between the blood which enters the
liver and that which leaves it in respect of the constituents of
the bile. '

‘159, The Bile—its Quantity and Composition.—az. The
total quantity of bile secreted in the twenty-four hours varies,
but probably amounts to not less than from two to three
pounds. It is a greenish-yellow, slightly alkaline, fluid, of ex-
tremely bitter taste, consisting of water, with from 17 per cent.
of solid matter, to half that quantity, in solution. The solids
consist chiefly of a resinous substance, composed of carbon,
hydrogen, oxygen, nitrogen, and sulphur, which exists in com-
bination with soda. This biliary matter, or bilin, may be sepa-
rated by chemical processes into two acids, called the Zauro-
cholic (which contains all the sulphur) and the GQlycocholic ; ;
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and it is consequently said to be a combination of taurockolate
and glycocholate of soda. Besides this bilin, its chief con-
stituent, the bile contains a crystallized fatty substance, ckoles-
terine, together with a peculiar coloring matter which contains
iron, and is probably related to the hmmatin of the blood.

b. Of these constituents of the bile the water, the choles-
terine, and the saline matters, alone, are discoverable in the
blood ; and though doubtless some difference obtains between
the blood which enters the liver and that which leaves it, in
respect of the proportional quantity of these constituents,
great practical difficulties lie in the way of the precise ascer-
tainment of those differences. The blood of the hepatic vein,
however, is certainly poorer in water than that of the portal vein.

160. Bile is formed in the Liver-Cells.—As the essential
constituent of bile, bilin, is not discoverable in the blood
which enters the liver, it must be formed at the expense of
the tissuc of that organ itself, or of some constituent of the
blood passing through it. However this may be, it is a very
curious circumstance that, as almost all the bile which is
formed in the intestines is reabsorbed by the vessels in their
walls, it must, in some shape or other, enter the liver a second
time with the current of the portal blood.

SecrioN IIL—Sources of Gain to the Blood.

161. The Skin as an Organ of Respiration.—We must
next consider the chief sources of constant gain to the blood;
and, in the first place, the sources of gain of matter. ,

The lungs and skin are, as has been seen, two of the prin-
cipal channels by which the body loses liquid and gaseous
matter, but they are also the sole micans by which one of the
most important of all substances for the maintenance of life,
ozygen, is introduced into the blood. It has already been
pointed out that the volume of the oxygen taken into the blood
by the lungs is rather greater than that of the carbonic acid
given out,
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How much is taken in by the skin of man is not certainly
known, but in some of the lower animals, such as the frog, the
skin plays a very important part in the performance of the
respiratory function.

162. Reaction of the Liver upon the Blood.—The blood
leaving the liver by the hepatic vein not only contains pro-
portionally less water and fibrin, but proportionally more cor-
puscles, especially colorless corpuscles, and, what is still more
important, a larger quantity of liver-sugar, or glucose, than that
brought to it by the portal veins and hepatic artery; and
these differences are irrespective of the nature of the food.

That the blood leaving the liver should contain propor-
tionally less water and more corpuscles than that entering it
is no more than might be expected, from the fact that the for-
mation of the bile, which is separated from this blood, neces-
sarily involves a loss of water and of some solid matters, while
it does not abstract any of the corpuscles.

We do not know why less fibrin separates from the blood
of the hepatic vein than from the blood brought to the liver.
Baut the reason why there is always more sugar in the blood
leaving the liver than in that entering it; and why, in fact,
there is plenty of sugar in the blood of the hepatic vein even
when none whatever is bronght to it by the hepatic artery, or
portal vein, has only been made out by careful and ingenious
experimental research within the last few years.

163. Proof of the Sugar-forming Function of the Liver.—
If an animal be fed upon purely animal food, the blood of the
portal vein will contain no sugar, none having been absorbed
by the walls of the alimentary canal, nor will that of the he-
patic artery contain any, or, at any rate, but the merest trace.
Nevertheless, plenty will be found, at the same time, in the -
blood of the hepatic vein and in that of the vena cava, from
the point at which that vein opens, as far as the heart.

Secondly, if, from an animal so fed, the liver be extracted,
- and a current of cold water forced into the vena porte, it will
flow out by the hepatic vein, carrying with it all the blood of
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the organ, and will, after a time, pour out colorless, and de-
void of sugar. Nevertheless, if the organ be left to itself at a
moderate temperature, sugar will soon again become abundant
in it.

Thirdly, from the liver, washed as above described, a sub-
stance may be extracted, by appropriate methods, which re-
sembles starch, dextrine, and gum in chemical composition,
consisting as it does of carbon united with hydrogen and oxy-
gen, the latter being in the same proportions as in water.
This *“ amyloid ” substance is glycogen. It may be dried and
kept without change for long periods.

But, like the vegetable starch and dextrine, this animal
amyloid, which is necessarily formed in the liver, since it is
certainly not contained either in the blood of the pertal vein,
or in that of the hepatic atery, is very readily changed by
contact with many nitrogenous matters, which act as ferments,
into sugar.

Fourthly, it may be demonstrated that a nitrogenous fer-
ment, competent to change the ‘“amyloid” glycogen into
saccharine “ glucose,” exists under ordinary circumstances in
the liver.

Putting all these circumstances together, the riddle of the
appearance of sugar in the blood of the hepatic vein and vena
cava, when neither it nor any compound out of which it is
easily formed exists in the blood brought to the liver, is
readily explained.

The liver forms glycogen out of the blood with which it
is supplied. The same blood supplies the ferment which, at
the temperature of the body, very speedily converts that com-
paratively little soluble glycogen into very soluble sugar; and
this sugar is dissolved and carried away by each intralobular
vein to the hepatic vein, and thence to the vena cava.

164. Gain by the Lymphatics.—The lymphatic system has
been already mentioned as a feeder of the blood with a fluid |
which, in general, appears to be merely the superfluous drain-
age, as it were, of the blood-vessels; though at intervals, as
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we shall see, the lacteals make substantial additions of new
matter. It is very probable that the multitudinous lymphatic
glands may effect some change in the fluid which traverses
them, or may add to the number of corpuscles in the lymph.

The glandular bodies, which like the lymphatic glands are
devoid of ducts and are abundantly supplied with lymphatics,
are the thyroid gland, which lies in the part-of the throat below
the larynx, and is that organ which when enlarged by disease
gives rise to “Derbyshire neck” or “goitre;” the thymus
gland, situated at the base of the heart, largest in infants, and
gradually disappearing in adult and old persons ; and the supra
renal capsules, which lie above the kidneys. Nothing is cer-
tainly known of the functions of any of these bodies.

165. The Spleen—its Functions unknown.—We are as
much in the dark respecting the office of the large viscus

Fia. 50.

The spleen (Spl.) with the splenic artery (Sp. 4.). Below this is seen the splenic vein
running to help to form the wena porte (V. P.). Ao.the aorta; D.a pillar of -
the diaphragm; P. D. the pancreatic duct exposed by dissection in the sub-
stance of the pancreas; D. M. the duodenum; B. D. the biliary duct opening
with the pancreatic duct at «; ¥, the intestinal vessels.

called the spleen, which lies upon the left side of the stomach
in the abdominal cavity. It is an elongated flattened red
body, abundantly supplied with blood by an artery called the
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splenic artery, which proceeds almost directly from the aorta.
The blood which has traversed the spleen is collected by the
splenic vein, and is carried by it to the vera porte, and so to
the liver.

A section of the spleen shows a dark red spongy mass
dotted over with minute whitish spots. Each of these last is
the section of one of the spheroidal bodies called corpuscles of
the spleen, which are scattered through its substance, and con-
sist of a solid aggregation of bodies, like the white corpuscles
of the blood, traversed by a capillary net-work, which is fed by
a small twig of the splenic artery. The dark-red part of the
spleen in which these corpuscles are imbedded is composed of
fibrous and elastic tissue supporting a very spongy vascular
net-work.

The elasticity of the splenic tissue allows the organ to be
readily distended, and enables it to return to ifs former size
after distension. It appears to change its dimensions with the
state of the abdominal viscera, attaining its largest size about
six hours after food is taken, and falling to its minimum bulk
six or seven hours later, if no food be taken.

The blood of the splenic vein is found to contain propor-
tionally fewer red corpuscles, but more colorless corpuscles and
more fibrin, than that in the splenic artery ; and it has been sup-
posed that the spleen is one of those parts of the economy in

which the colorless corpuscles of the blood are especially pro-
duced. :

166. The Gain of Heat—its Source.—It has been seen that
heat is being constantly given off from the integument and
from the air-passages: and every thing that passes from the
body carries away with it, in like manner, a certain quantity
of heat. Furthermore, the surface of the body is much more
exposed to cold than its interior. Nevertheless, the tempera-
ture of the body is maintained very evenly at all times and in
all parts, within the range of two degrees on either side of 99°
Fabrenheit.

This is the result of three conditions:—The first, that heat
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is constantly being generated in the body. The second, that
it is as constantly being distributed through the body. The
third, that it is subject to incessant regulation,

Heat is generated whenever oxidation takes place; and
henee, whenever protein substances, or fats or amyloidal mat-
ters, are being converted into the more highly oxidated waste
products, urea,—uric acid, carbonic acid, and water,—heat is
necessarily evolved. But these processes are taking place in
all parts of the body by which vital activity is manifested, and
hence, every capillary vessel and every cxtravascular islet of
tissue is really a small fireplace in which beat is being evolved,
in proportion to the activity of the chemical changes which
are going on. ,

167. Distribution of Heat by the Blood-Current.—But
as the vital activities of differcnt parts of the body, and of the
whole body, at different times, are very different; and as some
parts of the body are so situated as to lose their heat by radia-
tion and conduction much more easily than others, the tem-
perature of the body would be very unequal in its different
parts and at different times, were it not for the arrangements

by which the heat is distributed and regulated.

Whatever oxidation occurs in any part, raises to an equiv-
alent temperature the blood which is in that part at the time.

" But this blood is swiftly hurried away into other parts of the
body, and rapidly parts with its increased temperature to them.
On the other hand, the blood of the surface of the body, the
temperature of which is lowered by evaporation and radiation,
suffers only a very slight loss of heat before it is transported
into the deeper parts and there becomes warmed by contact,
as well as by the oxidating processes in which it takes a part.
Thus the organs of circulation are comparable to a vast system
of hot-water pipes—the constant flow of fluid through which
should be effected by a pump, while the water should be
warmed, not by a great central boiler as usual, but by a mul-
titude of minute gasjets, disposed beneath the pipes, not
evenly, but more here and fewer there. It is obvious that,
8*
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however much greater the heat applied to one part of the sys-
tem of pipes than to another, the gencral temperature of the
water would be even throughout, if it were kept moving with
sufficient quickness by the pump.

168. Evaporation regulates Temperature.—If such a
system were entirely composed of closed pipes, the temperature
of the water might be raised to any extent by the gasjets. On
the other hand, it might be kept down to any required degree
by causing a larger, or smaller, portion of the pipes to be wet-
ted with water, which should be able to evaporate freely—as,
for example, by wrapping them in wet cloths. And the
greater the quantity of water thus evaporated, the lower would
be the temperature of the whole. )

Now the regulation of the temperature of the human body
is effected on this principle. Tho vessels are closed pipes, but
a great number of them arc enclosed in the skin and in the
mucous membrane of the air-passages, which are, in a physical
sense, wet cloths freely exposed to the air. It is the evapora-
tion from these which excrcises a more importanf influence
than any other condition upon the regulation of the tempera-
ture of the blood, and consequently of the body. )

169. Regulative Agency of the Nervous System.—But as
a further nicety of adjustment, the wetness of the regulator is
itself determined by the state of the small vessels, inasmuch as
cxudation from these takes place more readily when the walls
of the veins and arteries are relaxed, and the blood distends
them and the capillaries. But the condition of the walls of
the vessels depends upon the nerves by which they are sup-
plicd, and it so happens that cold produces irritation of these
nerves with contraction of the small vessels—moderate warmth,
the reverse.
 Thus the supply of blood to the surface is lessened and loss
of heat thereby checked, when the external temperature is
low ; while, when the external temperature is high, the supply
of blood to the surface is increased, the fluid exuded from the
vessels pours out by the sweat-glands, and the evaporation of
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this fluid checks the rise in the temperature of the superficial
blood.

Hence it is that, so long as the surface of the body per-
spires freely, and the air-passages are abundantly moist, a man
may remain with impunity, for a considerable time, in an oven
in which meat is being cooked. The heat of the air is ex-
pended in converting his superabundant perspiration into va-
por, and the temperature of the blood is hardly raised.

170. Intermittent Action of the Glands.—The chief inter-
mittently active squrces of loss to the blood are found among
the glands proper, all of which are, in principle, narrow pouches
of the mucous membranes, or of the integument of the bedy,
lined by a continuation of the epithelium or of the epidermis.
In the glands of Lieberkiihn, which cxist in immense numbers
in the walls of the intestines, each gland is nothing more than
a simple blind sac of the mucous membrane, shaped like a
small test-tube, with its closed end outward, and its open end
on the inner surface of the intestinc. The sweat-glands of the

Fra. 52.

Fig. 51.—A salivary duct, with b, its lateral ramifications, and d, the ultimate blind
ends of thesc.
Fig. 52—Two of the blind ends magnified.

skin, as we have already seen, are equally simple, blind, tube-
like involutions of the integument, the ends of which become
coiled up. The sebaceous glands, usually connected ‘with the
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hair-sacs, are shorter, and their blind ends somewhat sub-
divided, so that the gland is divided into a narrow neck and a
more dilated and sacculated end. The neck by which' the
gland communicates with the free surface is now called its duet.
More complicated glands are produced by the elongation of
the duct into a long tube, and the division and subdivision of
the blind end into multitudes of similar tubes, each of which
ends in a dilatation. These dilatations, attached to their
branched ducts, somewhat resemble a bunch of grapes. Glands
of this kind are,called racemose. The salivary glands and the
pancreas are such glands.

Now, many of these glands, such as the salivary, the pan-
creas (and the perspiratory, or sudoriparous glands, which it
has been convenient to consider already), are only active when
* certain impressions on the nervous system give rise to a par-

ticular condition of the gland, or of its vessels, or of both.

171. Action of the Salivary Glands.—Thus the sight or
smell, or even the thought of food, will cause a flow of saliva
into the mouth; the previously quiescent gland suddenly pour-

_ing out its fluid secretion, as a result of a change in the con-
dition of the nervous system. And, in animals, the salivary
glands can be made to secrete abundantly, by irritating a nerve
which supplies the gland and its vessels. How far this effect
is the result of the mechanical influence of the merve on the
state of the circulation, and how far it is the result of a more
direct influence of the nerve upon the state of the tissue of the
gland itself, is not at present determined.

The liquids poured out by the intermittent glands are al-
ways' very poor in solid constituents, and consist chicfly of
water. Those poured on to the surface of the body are lost,
but those which are received by the alimentary canal arc doubt-
less in great measure reabsorbed.

172. Gain of Waste Products from the Muscles.—The
great intermittent sources of gain of waste products to the blood
are the muscles, every contraction of which is accompanied by
a waste of matter, and a pouring of their waste products into
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the blood. That much of this waste product is carbonic acid
is certain from the facts, (¢) that the blood which leaves a con-
tracting muscle is always highly venous, far more so than that
which leaves a quiescent muscle ; and (b) that muscular exer-
tion at once immensely increases the quantity of carbonic acid
cxpired : but whether the amount of nitrogenous waste is in-
creased under these circumstances, or not, is a point yet under
discussion.

CHAPTER VII.

THE FUNCTION OF ALIMENTATION.

Section L.—Properties of Food-Stuffs.

178. The Alimentary Canal the Chief Source of Gain.—
The great source of gain to the blood, and, except the lungs,
the only channel by which altogether new material is intro-
duced into that fluid, is the alimentary canal, the totality of
the operations of which constitute the function of alimentation.
It will be useful to consider the general nature and results of
the performance of the function of alimentation before study-
ing its details.

174. Quantity of Dry, Solid, and Gaseous Aliment daily
taken.—A man daily takes into his mouth, and thereby intro-
duces into his alimentary canal, a certain quantity of solid and
liquid food, in the shape of meat, bread, butter, water, and the
like. The quantity of chemically dry, solid matter, which
must thus be taken into the body, if a man of average size and
activity is neither to lose, nor to gain, in weight, has been
found to be about 8,000 grains. In addition to this his blood
absorbs by the lungs about 10,000 grains of oxygen gas, mak-
ing a grand total of 18,000 grains (or nearly two pounds and
three-quarters avoirdupois) of daily gain of dry, solid, and gas-
eous matter. ’
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178. Daily Loss of Dry Solids.—The weight of dry solid.

matter passed out from the alimentary canal does not, on the
average, amount to more than one-tenth of that which is taken
into it, or 800 grains. By no other channel does any appre-
ciable quantity of solid matter leave the body, and it therefore
follows that 7,200 grains of solid must pass out of it, in either
the gaseous or the liquid form, as well as the 10,000 grains of
oxygen. Further, as the general composition of the body re-
mains constant, it follows, either that the elementary constitu-
ents of the solids taken into the body must be identical with
those of the body itself: or that,in the course of the vital pro-
cesses, the food alone is destroyed, the substance of the body
remaining unchanged: or, finally, that both these alternatives
hold good, and that food is, partly, identical with the wasting
substance of the body and replaces it; and, partly, differs

from the wasting substance, and is consumed without repla-

cing it.

176, Classification of Aliments,—As a matter of fact, all-
the substances which are used as food come under one of four.

lieads. They are either what may be termed Proteids, or they
are Fats, or they are Amyloids, or they are Minerals.

Proteids are substances analogous in composition to Protein,

and contain the four elements—carbon, hydrogen, oxygen, and
nitrogen, sometimes united with sulphur and phosphorus.

Under this head come the Gluten of flour; the Albumen
of white of egg, and of blood serum ; the Fibrin of the blood ;
the Syntonin, which is the chief constituent of muscle and
flesh, and Casein, the chief constituent of cheese; while Gelatin,
which is obtained by boiling from connective tissue, and Chon-
drin, which may be produced in the same way from cartilage,
may be considered to be outlying members of the same group.

Fats are composed of carbon, hydrogen, and oxygen only,
and contain more hydrogen than-is enough to form water if
united with the oxygen which they possess.

All oils and vegetable and animal fatty matters come under
this division, '
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Amyloids are substances which also consist of carbon, hy-
drogen, and oxygen only. But they contain no more hydro-
gen than is just sufficient to produce water with their oxygen.
These are the matters known as Starck, Dextrine, Sugar, and
Gum, ‘

It is the peculiarity of the three groups of food-stuffs just
mentioned that they can only be obtained (at any rate, at
present) by the activity of living beings, whether animals or
plauts, so that they may be conveniently termed vital food-stufs,

Food-stuffs of the fourth class, on the other hand, or Min-
erals, are to be procured as well from the not-living, as the
living, world. They are water, and salts of sundry alkalies,
earths, and metals. To these, in strictness, ozygen ought to be
added, though, as it is riot taken in by the alimentary canal, it
hardly comes within the ordinary acceptation of the word food.

177. Ultimate Composition of Aliments.—In ultimate
analysis, then, it appears that vital food-stuffs contain either
three or four of the elements: carbon, hydrogen, oxygen, and
nitrogen ; that mineral food-stuffs are water and salts. But
the human body, in ultimate analysis, also proves to be com-
posed of the same four elements, plus water, and the same
saline matters as are found in food.

More than this, no substance can serve permanently for
food—that is to say, can prevent loss of weight and change in
the general composition of the body—unless it contains a cer-
tain amount of protein in the shape of albumen, fibrin, syutonin,
or casein. While, on the other hand, any substance which
contains protein in a readily assimilable shape, is competent to
act as a permanent food.

But the human body, as we have seen, contains a large
quantity of protein in one or the other of the four forms which
have been enumerated ; and, therefore, it turns out to be an
indispensable condition, that every substance which is to serve
permanently as food, must contain a sufficient quantity of the
‘most important and complex component of the body ready
- made.” It must also contain a sufficient quantity of the mineral
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ingredients which are required. Whether it contains either

fats or amyloids, or both, or is devoid of both, its essential

power of supporting the life and maintaining the weight and
composition of the body remains unchanged.

178. No absolute Necessity for other Food-Stuffs,—The
necessity of constantly renewing the supply of protein arises
from the circumstance that the secretion of urea from the body
(and consequently the loss of nitrogen) goes on continually,
whether the body is fed or not: while there is only one form in
which nitrogen (at any rate, in any considerable quantity) can
be taken into the blood, and that is in the form of a solution
of protein. If protein be mot supplied, therefore, the body
must needs waste, because there is nothing in the food compe-
tent to make good the loss of nitrogen.

On the other band, if protein be supplied there can be no
absolute necessity for any other but the mineral food-stuffs, be-
cause protein contains carbon and hydrogen in abundance, and
hence is competent to give origin to the other great products
of waste, carbonic acid and water.

In fact, the final results of the oxidation of protein are car-
bonic acid, water, and ammonia; and these, as we have scen, are
the final shapes of the waste products of the human economy.

179. Nitrogen Starvation.—From what has been said, it
becomes readily intelligible that whether an animal be herbiv-
orous or carnivorous, it begins to starve from the moment its
vital food-stuffs consist of pure amyloids or fats, or any mixture
of them. It suffers from what-may be called nitrogen starva-
tion, and, sooner or later, will die.

In this case, and still more in that of an animal deprived
of vital food altogether, the organism, so long as it continues to
live, feeds upon itself, and its excretions are all necessarily
formed at the expense of its own body; whence it has been
rightly enough observed that a starving sheep is as much a
carnivore as a lion.

180. Disadvantages of a purely Nitrogenous Diet.—
But though protein is the essential element of food, and under
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certain circumstances may suffice, by itsclf, to maintain the
body, it is a very disadvantageous and uneconomical food.

Albumen, which may be taken as the type of the proteids,
contains about 53 parts of carbon and 15 of nitrogen in 100
parts. If a man were to be fed upon white of egg, therefore,
he would take in, speaking roughly, 8% parts of carbon for
every part’ of nitrogen. :

But it is proved experimentally, that a healthy full-grown
man, keeping up his weight and heat, and taking a fair amount
of exercise, eliminates 4,000 grains of carbon to only 300 grains
of nitrogen, or, roughly, only needs one-thirteenth as much
nitrogen as carbon. However, if he is to get his 4,000 grains
of carbon out of albumen, he must eat 7,547 grains of that sub-
stance, But 7,547 grains of albumen contain 1,132 grains of
nitrogen, or nearly four times as much as he wants.

To put the case in another way, it takes about four pounds
of fatless meat to yield 4,000 grains of carbon, whereas one
pound will furnish 300 grains of nitrogen.

Thus a man confined to a purely proteid diet, must eat a
prodigious quantity of it. This not only involves a great
amount of physiological labor in comminuting the food, and a
great expenditure of power and time in dissolving and absorb-
ing it; but throws a great quantity of wholly profitless labor
upon those excretory organs, which have to get rid of the nitro-
genous matter, three-fourths of which, as we have seen, is super-
fluous.

181. Economy of Physiological Power.—Unproductive
labor is as much to be avoided iw physiological, as in political,
economy; and it is quite possible that an animal fed with per-
fectly nutritious protein matter should die of starvation, the loss
of power in the various operations required for its assimilation
overbalancing the gain; or the time occupied in their perform-
ance being too great to check waste with sufficient rapifli.ty.
The body, under these circumstances, falls into the condltu?n
of a merchant who has abundant assets, but who cannot get in
his dcbts in time to meet his creditors.
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182. Economy of a Mixed Diet.—These considerations
lead us to the physiological justification of the universal prac-
tice of mankind in adopting a mixed diet, in which proteids
are mixed either with fats, or with amyloids, or with both.

Fats may be taken to contain about 80 per cent. of carbon,
and amyloids about 40 per cent. Now it has been seen that
there is enough nitrogen to supply the waste of that substance
per diem, in a healthy man, in a pound of fatless meat; which
also contains 1,000 grains of carbon, leaving a deficit of 3,000
grains of carbon. Rather more than half a pound of fat, or a
pound of sugar, will- supply this quantity of carbon. The
former, if properly subdivided, the latter, from its solubility,
passes with great ecase into the economy, the digestive labor
of which is consequently reduced to a mininum.

183. Advantages of a Mixed Diet.—Several apparently
simple articles of food constitute by themselves a mixed diet.
Thus butcher's meat commonly contains from 30 to 50 per
cent. of fat. Bread, on the other hand, contains the proteid,
glaten, and the amyloids, starch and sugar, with minute quan-
tities of fat. But, from the proportion in which these proteid
and other constituents exist in these substances, they are
neither, taken alone, such physiologically economical foods, as
when they are combined in the proportion of about 200 to 75
‘or two pounds of bread to three-quarters of a pound of meat
per diem.

184, Intermediate Changes of the Food.—It is quite
certain that nine-tenths of the dry solid food which is taken
into the body, sooner or later leaves it in the shape of carbonic
acid, water, and urea (or uric acid); and it is also certain that,
as the compounds which leave the body are more highly oxi-
dated than those which enter it, and as free oxygen is nowhere
climinated, all the oxygen taken in by the lungs passes away
in these compounds.

The intermediate stages of this conversion are, however,

by no means so clear. It is highly probable that the amyloids
and fats are very frequently oxidated in the blood, without,
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properly speaking, ever forming an integral part of the sub-
stance of the body ; but whether the proteids may undergo the
same changes in the blood, or whether it is necessary for them
first to be incorporated with the living tissue, is not positively
known.

So, again, it is certain that, in becoming oxidated, the ele-
ments of the food must give off heat, and it is probable that
this heat is sufficient to account for all that passes off by the
body ; but it is possible, and indeed probable, that there may
be other, minor, sources of heat.

185. Objections to the Common Classification.—Food-
stuffs have been divided into keat-producers and tissueformers—
the amyloids and fats constituting the former division, the pro-
teids the latter. But this is a very misleading classification,
inasmuch as it implies, on the one hand, that the oxidation of
the proteids does not develop heat; and, on the other, that the
amyloids and fats, as they oxidize, subserve only the produc-
tion of heat. _

Proteids are tissue-formers, inasmuch as no tissue can be
produced without them; but they are also keat-producers, not
only directly, but because, as we have secn, they are compe-
tent to give rise to amyloids by chemical metamorphosis within
the body.

If it is worth while to make a special classification of the
vital food-stuffs at all, it appears desirable to distinguish the
essential food-stuffs, or proteids, from the accessory food-stufls,
or fats and amyloids—the former alone being, in the nature
of things, necessary to life, while the latter, however important,
are not absolutely necessary.

186. Purpose of the Alimentary Mechanism.—All food-
stuffs being thus proteids, fats, amyloids, or mineral matters,
pure or mixed up with other substances, the whole purpose
of the alimentary apparatus is to separate these proteids, etc.,
from the innutritious residue, if there be any; and to reduce
‘them into a condition either of solution or of excessively fine
subdivision, in order that they may make their way through
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the delicate structures which form the walls of the vessels of
the alimentary canal. To these ends food is taken into the
mouth and masticated, is insalivated, is swallowed, undergoes
gastric digestion, passes into the intestine, and is subjected to
the action of the secretions of the glands attached to that
viscus; and, finally, after the more or less complete extraction
of the nutritive constituents, the residue, mixed up with cer-
tain secretions of the intestine, leaves the body as the fuces.

Section IL—Preliminaries of Digestion.

187, The Mouth and Pharynx.—The cavity of the mouth
is a chamber with a fixed roof, formed by the hard palate (Fig.
53, ), and with a movable floor, constituted by the lower jaw,
and the tongue (£), which fills up the space between the two
branches of the jaw. Arching round the margins of the upper
and the lower jaws are the thirty-two teeth, sixteen above and
sixteen below, and, external to these, the closure of the cavity
of the mouth is completed by the cheeks, at the sides, and by
the lips, in front.

When the mouth is shut, the back of the tongue comes
into close contact with the palate; and, where the hard palate
ends, the communication between the mouth and the back of
the throat is still farther impeded by a sort of fleshy curtain—
the soft palate, or velum—the middle of which is produced into
a prolongation, the uvula (f), while its sides, skirting the sides
. of the passage, or fauces, are double muscular pillars, which are
termed the pillars of the fauces. Between these the fonsils are
situated, one on each side.

The velum with its uvula comes into contact below with
the upper part of the back of the tongue, and with a sort of
griéﬂy lid-like process connected with its base, the epiglottis (¢).

Behind the partition thus formed is the cavity of the
pharynz, which may be described as a funnel-shaped bag with
muscular walls, the upper margins of the wide end of which
‘are attached to the base of the skull, while its lateral margins
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are continuous.with the walls of the cheeks, and the lower walls
with the floor of the mouth. The narrow end of the pharyn-
geal bag passes into the gullet or cesophagus (b), a muscular-
walled tube, which affords a passage into the stomach.

Fre. 53,

A section of the mouth and nose, taken vertially, a little to the left of the middle
line—a, the vertcbral column; b, the gullet; ¢, the windpipe: d, the thyroid
eartilage of the larnyx; e, the opiglome j; the nvula; g the ope of the left
Eustachian tube; A, the opening of the féft 1a uct; 4, the hyoid bone;
k, the tongue ; l, the hard palate; m n, the base o the skull; o g q, the superiovr.
mlddle, and inferior turbinal bones. he letters g f ¢, are plsce

There are no fewer than six distinct openings into the
pharynx—four in palrs, and two single ones in the middle line.
The two pairs are, in front, the hinder openings of the nasal
cavities. At the sides, close to these, are the apertures of the
Eustachian tubes (9). The two single apertures are, the hinder
opening of the mouth between the soft palate and the epiglottis;
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and, behind the epiglottis, the upper aperture of the respiratory
passage, or the glottis. -

188. The Salivary Glands.—The mucous membrane which
lines the mouth and the pharynx is beset with minute glands,
the buccal glands ; but the great glands from which the cavity
of the mouth receives its chief secretion, are the three pairs
which, as has been already mentioned, are called parotid, sub-
mazillary, sublingual, and which secrete the saliva. (Fig. 54.)

Each parotid gland is placed just in front of the ear, and

-its duct passes forward along the cheek, until it opens in its in-
terior, opposite the second upper grinding tooth.

The submaxillary and sublingual glands lie between the
lower jaw and the floor of the mouth, the submaxillary farther

Fia. 4. .
A dissection of the right side of the face, showing, a, the subllngual; b, the submax-

illary glands, with their ducts opening beside the tongue in the floor of the mouth
at d; ¢, the parotid gland and its duct, which opens on the sido of the cheek at e.

back than the sublingual. Their ducts open in the floor of‘the
mouth below the tip of the tongue. The secretion of these,
mixed with that of the small glands of the mouth, constitutes
the saliva—a fluid which, though thin and watery, contains a
small quantity of animal matter, which has certain very peculiar
properties. It docs not act upon proteid food-stuffs, nor upon
fats, but if mixed with starch and kept at a moderately warm




PRELIMINARIES OF DIGESTION. 143

temperature, it turns that starch into grape-sugar. The im-
portance of this operation becomes apparent when one reflects
that starch is insoluble and useless as nutriment, while sugar is
highly soluble and readily oxidable.

189. The Teeth.—Each of the thirty-two teeth which have
been mentioned consists of a crown which projects above the
gum, and of one or more fangs, which are imbedded in sockets,
or what are called alveoli, in the jaws.

The eight teeth on opposite sides of the same jaw are con-
structed upon .exactly similar patterns, while the eight teeth
which are opposite to one another, and bite against one another
above and below, though similar in kind, differ somewhat in
the details of their patterns,

The two'tecth in each eight which are nearest the middle
line in the front of the jaw, have wide but shaurp and chisel-like
edges. Hence they are called incisors, or cutting teeth. The
tooth which comes next is a tooth with a more conical and
pointed crown. It answers to the great tearing and holding
tooth of the dog, and is called the canine or eye tooth. The
next two tecth have broader crowns, with two cusps or points
on each crown, one on the inside and one on the outside,
whence they are termed bicuspid teeth, and sometimes false
grinders.

All these teeth have usually one fang each, except the
bicuspid,the fang of which wmay be more or less completely
divided into two. The remaining teeth have two or three
fangs each, and their crowns are much broader. As they
crush and grind the matters which pass between them, they
are called #iolars, or true grinders. In the upper jaw their
crowns present four points at the four corners and a diagonal
ridge connecting two of them. In the lower jaw the complete
pattern is five-pointed, there being two cusps on the inner side
and three on the outer.

190. Working of the Jaw.—The muscles of the parts
which have been described are so arranged that the lower jaw
can be depressed to open the mouth and separate the teeth, or
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raised in such a manner as to bring the teeth together, or
moved obliquely from side to side, so as to cause the face of
the grinding teeth and the edges of the cutting teeth to slide
over one another. And the muscles which perform the ele-
vating and sliding movements are of great strength, and con-
fer a corresponding force upon.their grinding and ‘cutting
movements. In correspondence with the pressure they have
to resist, the superficial substance of the crown of the teeth is
of great hardness, being formed of enamel, the hardest sub-
stance in the body, so dense and hard, indeed, that it will
strike fire with steel. But notwithstanding its extreme hard-
ness, it becomes worn down in old persons, and at an earlier
age in savages who live on coarse food.

191, Masticating and Swallowing.—When solid food is
taken into the mouth it is cut and ground by the teeth, the
fragments which ooze out upon the outer side of their crowns
being pushed beneath them again by the muscular conttac-
tions of the cheeks and lips, while those which escape on the
inner side are thrust back by the tongue, until the whole is
thoroughly rubbed down.

‘While mastication is proceeding, the salivary glands pour
out their secretion in great abundance, and the saliva mixes
with the food, which then becomes interpcnetrated not only
with the salivary fluid, but with the air which is entangled
in the bubbles of the saliva.

When the food is sufficiently ground it is collected, en-
veloped in saliva, into a mass or bolus, which rests upon the
back of the tongue, and is carried backward to the aperture
which leads into the pharynx. Through this it is thrust, the
soft palate being lifted and its pillars being brought together,
while the backward movement of the tongue at once propels
the bolus and causes the epiglottis to incline backward and
downward over the glottis, and so to form a bridge by which
the bolus can travel over the opening of the air-passage with-
out any risk of tumbling into it. While the epiglottis directs
the course of the bolus below and prevents it from passing
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" into the trachea, the soft palate guides it above, keeps it out

of the nasal chamber, and directs it downward and backward
"toward the lower part of the muscular pharyngeal funnel.
By this it is immediately seized and tightly held, and the
muscular fibres contracting above it, while they are compara-
tively lax below, it is rapidly thrust into the cesophagus,
grasped by it, and propelled along it, in the same way, until
it reaches the stomach.

. 192, Drinking.—Drink is taken in exactly the same way.
Tt does not fall down the pharynx and gullet, but each gulp
is grasped by it and passed down. Hence it is that jugglers
are able to drink standing upon their heads, and that a horse,
or ox, drinks with its throat lower than its stomach, feats
which would be impossible if fluid simply fell down the gullet
into the gastric cavity.

During these processes of mastication, insalivation, and deg-
lutition, what happens to the food is, first, that it is reduced
to a coarser or finer pulp; secondly, that any matters it
carries in solution are still more diluted by the water of the
saliva; thirdly, that any starch it may contain begins to be
changed into sugar by the peculiar constituent (ptyalin) of the
galiva,

Secrioxn IIL.—Stomack-Digestion,

193. The Stomach and the Gastric Juice.—The stomach,
like the gullet, consists of a tube with muscular walls com-
posed of smooth muscular fibres, and lined by an epithelium;
but it differs from the gullet in several circumstances. In the
first place, its cavity is greatly larger, and its left end is pro-
duced into an enlargement which, because it is on the heart
side of the body, is called the cardiac dilatation (Fig. 55, b).
The opening of the gullet into the stomach, termed the cardiac
aperture, is consequently nearly in the middle of the whole
length of the organ, which presents a long, convex, greater
curvature, along its front or under edge, and a short concave,

7
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lesser curvature, on its back or upper contour. Toward its
right extremity the stomach narrows, and, where it passes into
the intestine, the muscular fibres are so disposed as to form a
sort of sphincter around the aperture of communication—the
pylorus (Fig. 55, d).

Fia. 55.

The _stomach latd open behind—a, the esophagus; b, the cardiac dilatation; ¢, the
lesser curvature; d, the rylonm: e, the biliary duct; 7, the gall-bladder; g, the
s::gmntic duct, opening In common with the cystic duct oppesite A; &, 4, the

enum.

The mucous membrane lining the wall of the stomach is
very delicate, and multitudes of small simple glands open upon
its surface. Among these are others (Fig. 56) which possess a
somewhat more complicated structure, their blind ends being
subdivided. It is these peptic glands which, when food passes
into the stomach, throw out a thin acid fluid, the gastric juice.
The acidity arises from the presence of lactic or hydrochloric
acids, but in addition to these constituents the gastric juice
possesses another called pepsin, which appears to be a protein
compound not altogether dissimilar to ptyalin.

Thus, when the food passes into the stomach, the contrac-
tions of that organ roll it about and mix it thoroughly with
the gastric juice.
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194. Artificial Digestion.—It is easy to ascertain ex-
perimentally the properties of the gastric juice by putting a
small portion of that part of the mucous membrane which

Fia. 56.
One of the glands which secrete the gastric juice, highly magnified.

contains the peptic glands into water containing small pieces
of meat, hard-boiled egg, or other proteids, and keeping
the mixture at a temperature of about 100°. After a few
hours it will be found that the white of egg has become dis-
solved, if not in too great quantity, while all that remains of
the meat is a pulp consisting chiefly of the connective tissue
and fatty matters which it contained. This is ertificial diges-
tion, and it has been proved by experiment that precisely the
same operation takes place when food undergoes natural di-
gestion within the stomach of the living animal.

The proteid solution thus effected is called a peptone, and
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has pretty much the same characters, whatever the natare of
the proteid which has been digested.

The dilute acid alone is competent slowly to dissolve the
proteid, but the pepsin in the gastric juice is the chief source
of its solvent power.

195. Absorption from the Stomach.—By continual roll-
ing about, with constant additions of gastric juice, the food
becomes reduced to the consistence of pea-soup, and is called
chyme. In this state it is, in part, allowed to escape through
the pylorus and to enter the duodenum, but a great deal of the
fluid (consisting of peptone mixed with saliva and any saccha-
rine fluids resulting from the partial conversion of starch or
otherwise) is at once absorbed, making its way, by imbibition,
through the walls of the delicate and numerous vessels of the
stomach into the current of the blood, which is rushing by the
gastric veins to the vena porte.

Secrioxn IV.—Intestinal Digestion.

196. The Large and Small Intestines.—The intestines
form one long tube, with mucous and muscular coats, like the
stomach ; and like it they are enveloped in peritoneum. They
are divided into two portions—the small intestines and the
large intestines, the latter having a much greater diameter than
the former. The small intestines again are subdivided into the
duodenum, the jejunum, and the ileum, but there is no natural
line of demarcation between these, The duodenum, however,
is distinguishable as that part of the small intestine which im-
mediately succeeds the stomach, and is bent upon itself and
fastened by the peritoncum against the back wall of the abdo-
men in the loop shown in Fig. 55. It is in this loop that the
head of the pancreas lies (Fig. 50).

The ileum (g, Fig. 57) is no wider than the jejunum or
duodenum, so that the transition from the small intestine to
the large (e) is quite sudden. The opening of the small in-
testine into the large is provided with prominent lips which
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project into the cavity of the former and oppose the passage
of matters from it into the small intestine, while they readily
allow of a passage the other way. This is the tleocacal
valve.

The large intestine forms a blind dilatation beyond the
ileo-ceecal valve, which is called the cecum ; and from this an
elongated blind process is given off, which, from its shape, is
called the vermiform appendiz of the ceecum (Fig. 57, b).

The ceecum lies in the lower part of the right side of the
abdominal cavity. The colon, or first part of the large intes-
tine, passes upward from it as the ascending colon ; then making
a sudden turn at a right angle, it bends across to the left side
of the body, being here called transverse colon, and next, sud-

Be

Fie. 57.
The termination of the ileum, @, in the ceecum, and the continuation of the latter
into the colon, ¢; d, the ileo-colic valve; e, the aperture of the appendim vermi-
Jormis (b) into the cecum.
denly bending backward along the left side of the abdomen,
becomes the descending colon. This reaches the middle line
and becomes the rectum, which is that part of the large intes-
tine which opens externally.

197. Their Parts and Actions.—The mucous membrane
of the whole intestine is provided with numerous small, and for
the most part simple, glands (named after Lieberkithn and
Brunner), which pour into it a secretion, the intestinal juice,
the precise functions of which are unknown.
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Structures peculiar to the small intestine arc the valvule
conniventes, transverse folds of the mucous membrane, which
increase the surface; and the villi, which are minute thread-
like processes of the mucous membrane on the valvule conni-
venles and elsewhere, set side by side, like the pile of velvet.

1

Fi16. 58
Two villi of the small intestines substance of the villus; b, its eritheli of
which some cells are seen detached at b1 ; ¢ d, the artery and vein, with thelr
connecting capillary net-work, which enveiops and hides, ¢, the lacteal radicle
wllxlcl: ;;:cll’xma the centre of the villus and opens into a net-work of lacteal ves-
sels af

Each villus is coated by epithelium and contains in its interior
the radicle, or commencement, of a lacteal vessel, between
which and the surface of the villus lies a capillary net-work
with its afferent artery and efferent vein.

Peculiarities of the large intestine are the arrangement of
the longitudinal muscular fibres of the colon into three bands,
which are shorter than the walls of the intestine itself, so that
the latter is thrown into puckers and pouches ; and the disposi-
tion of muscular fibres around the termination of the rectum
into a ring-like sphincter muscle, which keeps the aperture
firmly closed, except when defecation takes place.

The intestines receive their blood almost directly from the
aorta. Their veins carry the blood which has traversed them

to the vena porte.
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198. Peristaltic Contraction.—The fibres of the muscular
coat of the intestine, which lies between its mucous membrane
and its serous, or peritoneal, investment, are disposed longitu-
dinally and circularly, and the circular fibres of any part con-
tract, successively, in such a manner that the lower fibres, or
those on the side of the anus, contract after the upper ones, or
those on the side of the pylorus. It follows from this so-called
peristaltic contraction, that the contents of the intestines are
constantly being propelled, by successive waves of contraction,
from their upper toward their lower parts.

199, Entrance of Bile and Pancreatio Juice.—The only
secretions besides those of the proper intestinal glands which
enter the intestine, are those of the liver and the pancreas—
the bile and the pancreatic juice. The ducts of these organs
have a common opening in the middle of the bend of the duo-
denum; and, since they pass obliquely through the coats of the
intestine, their aperture serves as a kind of valve, obstructing
the flow of fluid from the duodenum, but permitting its passage
to the duodenum (Figs. 50 and 55).

As the chyme fills the duodenum, the pancreas comes into
activity, and its secretion, with the bile from the gall-bladder,
flows through the common aperture, and, mixing with the chyme,
converts it into what is called ehyle.

200. Chyle—Absorption from the Intestines.—Chyle
differs from chyme in two respects. In the first place, the
alkali of the bile neutralizes the acid of the chyme; in the
second place, both the bile and the pancreatic juice appear to
exercise an influence over the fatty matters contained in the
chyme, which facilitates the subdivision of these fats into very
minute separate particles. The chyme, in fact, which results
from the digestion of fatty food, is mere mixture of watery fluid
with oily matters which arc ready to separate from it and unite
with one another. In the chyle, on the other hand, the fatty
matters are suspended in the fluid, just as oil may be evenly
diffused through water by gradually rubbing it up with white
of egg into what is termed an emulsion, or as the fat ( = butter)
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of milk is naturnlly held suspended in the watery basis of
milk.

The chyle, with these suspended pamcles, looks white and
milky, for the same reason that milk has the same aspect—the
multitude of minute suspended fatty particles reflecting a great
amount of light.

The conversion of starch into sugar, which seems to be sus-
pended wholly, or partially, so long as the food remains in the
stomach, on account of the acidity of the chyme, is resumed
as soon as the latter is neutralized, the pancreatic and intestinal
juices operating powerfully in this direction.

As the chyle is thrust along the small intestines by the
grasping action of the peristaltic contractions, the dissolved
matter which it contains is absorbed, in the ordinary way, by
the vessels of the villi. The minute particles of fatty matter, on
the other hand, are squeezed through the soft substance of the
epithelium into that of the villi; and so, in the long run, into
the vessels; just as mercury may be squeezed by pressure
through the pores of a wash-leather bag.

As the net-work of capillaries lies outside the lacteal radicle
in each villus, it would appear that the blood-vessels must carry
off the greater part of the chyle; but much of it enters the lac-
teals, fills them, and only enters the blood after a roundabout
passage through the mesenteric lymphatics and the thoracic
duct.

201. Digestion in the Large Intestines,—The digested
matters, as they are driven along the small intestines, gradually
become deprived of their peptones, fats, and soluble amyloids,
and are forced through the ileo-ceecal valve into the ceecum and
large intestine. Here they acquire an acid reaction and the
characteristic fecal odor and color, which become more and
more marked as they approach the rectum, It has been sup-
posed that a sort of second digestion occurs in the upper part
of the large intestine.
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CHAPTER VIIL

MOTION AND LOCOMOTION.
Secrion I.—Instruments of Motion,

202. The Vital Eddy.—In the preceding pages we have
studied the manner in which the incomings of the human body
are converted into its outgoings. 'We have seen that matter,
in ‘the form of vital and mineral foods, is constantly appro-
priated by the body, to make up for the loss of matter, in the
shape, chiefly, of carbonic acid, urea, and water, which is as
constantly going on. The vital foods are derived directly, or
indirectly, from the vegetable world; and the products of waste
either are such compourds as abound in the mineral world,
or immediately decompose into them. Consequently, the
human body is the centre of a stream of matter which sets
incessantly from the vegetable and mineral worlds into the
mineral world again. It may be compared to an eddy in a
river, which may retain its shape for an indefinite length of
time, though no one particle of the water of the stream re-
mains in it for more than a brief period.

But there is this peculiarity about the human eddy, that a
large portion of the particles of matter which flow into it have
a much more complex composition than the particles which
flow outof it. To speak in what is not altogether a metaphor,
a large part of the atoms which enter the body are piled up
in large heaps, and tumble down into small heaps before they
leave it. The force which they set free in thus tumbling down,
is the source of the active powers of the organism.

203. Organs of Motion.—These active powers are chiefly
manifested in the form of motion—movement, that-is, either
of part of the body, or of the body as a whole, which last is
‘termed locomotion.

7
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The organs which produce motion in the human body are
of two kinds: Cilia and Muscles.

204. Action of the Cilia.—Cilia are filaments of extremely
small size, attached by their bases to, and indeed growing out
from, the free surfaces of epithelial cells. They are in inces-
sant waving motion, so long as life persists in them; and the
motion of a cilium continucs even for some time after the
epithelial cell, with which it is connected, is detached from the
body. Not only does the movement of the cilia thus.go on
independently of the rest of the body, but it cannot be con-
trolled by the action of the nervous system. The cause of the
movement of each cilium would appear to be the alternate con-
traction and relaxation of opposite sides of its base; but why
these alternations take place is unknown.

Although no other part of the body has any control over
the cilia, and though, so far as we know, they have no direct
communication with one another, yet their action is directed
toward a common end—the cilia, which cover extensive sur-
faces, all working in such a manner as to sweep whatever lies
upon that surface in one and the same direction. Thus, the
cilia which are developed upon the epithelial cells which line
the greater part of the nasal cavities and the trachea with its
ramifications, tend to drive the mucus in which they work,
outward.

In addition to the air-passages, cilia are found, in the hu-
man body, in the ventricles of the brain, and in ome or two
other localities; but the part which they play in man is insig-
nificant in comparison with their function in the lower animals,
among mauy of which they become the chief organs of loco-
motion.

205. Muscular Contraction.—Muscles are accumulations
of fibres, each of which has the power, under certain condi-
tions, of shortening in length, while it increases its other di-
mensions, so that the absolute volume of the fibre remains
unchanged. This power is called muscular contractility ; and
whenever a muscular fibre contracts, in virtue of this power, it
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tends to bring its two ends, with whatever may be fastened to
them, together.

Muscles may be conveniently divided into two groups, ac-
cording to the manner in which the ends of their fibres are
fastened ; into muscles not attached to solid levers, and muscles
attached to solid levers.

206. Hollow Muscles not attached to Solid Levers.—The
muscles which come under this head are what are, sometimes,
appropriately called kollow muscles, inasmuch as they enclose
a cavity, or surround a space; and their contraction produces
a diminution in the capacity of that cavity, or the extent of
that space.

The muscular fibres of the heart, of the blood-vessels, of the
lymphatic vessels, of the alimentary canal, of the ducts of the
glands, of the iris of the cye, are so arranged as to form hollow
muscles.

In the heart the muscular fibres are of the striated kind
(see Chapter XIII.), and their disposition is exceedingly com-
plex. The cavities which they enclose are those of the auri-
cles and ventricles ; and, as we have seen, the fibres, when they
contract, do so suddenly and together.

The iris of the eye is like a curtain, in the middle of which
is a circular hole. The muscular fibres are mnot striated (see
Chapter XIIL.), and they are disposed in two ways : some radi-
ating from the edges of the hole to the circumfcrence of the
curtain ; some arranged in circles, concentrically with the
aperture. The muscular fibres contract suddenly and together,
the radiating fibres necessarily enlarging the hole, the circular
fibres diminishing it.

In the alimentary canal the muscular fibres are also of the
unstriated kind, and they are disposed in two layers; one set
of fibres arranged parallel with the length of the intestines, the
others being disposed circularly, or at right angles to the
,former. ‘

The contraction of these muscular fibres is successive; that
is to say, all the muscular fibres, in a given length of the in-
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testines, do not contract at once, but those at one end contract
first, and the others follow them until the whole series have-
contracted. As the order of contraction is, naturally, always
the same, from the upper toward the lower end, the effect of
this peristaltic contraction is, as we have seen, to force any
matter contained in the alimentary canal, from its upper tow-
ard its lower extremity. The muscles of the walls of the
ducts of the glands, have a substantially similar arrangement.

Secrion IL—Mechanism of Bodily Movement.

207. Muscles attached to Definite Levers.—The great
majority of the muscles of the body are attached to distinct
levers, formed by the bones; and to understand their action,
we must have a knowledge of the different kinds of levers, and
be able to refer the various combinations of the bones to their
appropriate lever-classes.

A lever is a rigid bar, one part of which is absolutely or
relatively fixed, while the rest is free to move. Some one point

Fic. 59. Fie. 80. Fie. 61
Theilzp&oir“ th{:: ?E:::s represent the three kindsof levers; the lower, the foot, when
ey character of each kind—W. Weight or resistance; F. fulerum; P.
of the movable part of the lever is set in motion by a source
of power, in order to communicate more or less of that motion
to another point of the movable part, which presents a resist-
ance to motion in the shape of a weight or other obstacle,
208. Three Orders of Levers.—Three kinds of levers are

enumerated by mechanicians, the definition of each kind de-
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pending upon the relative positions of the point of support, or
Julerum ; of the point which bears the resistance, weight, or
other obstacle to be overcome by the power; and of the point
to which the source of power employed to overcome the ob-
stacle is applied.

If the fulecrum be placed between the power and the weight,
so that when the power sets the lever in motion, the weight
and the power describe arcs, the concavities of which are turned
toward one another, the lever is said to be of the first order
(Fig. 59). .

If the fulerum be at one end, and the weight be between it
and the power, so that weight and power describe concentric
arcs, the weight moving through the less space when the lever
moves, the lever is said to be of the second order (Fig. 60).

And if, the fulcrum being still at one end, the power be
between the weight and it, so that, as in the former case, the
power and weight describe concentric arcs, but the power
moves through the less space, the lever is of the third order
(Fig. 61). ' :

209. Levers of the First Order.—In the buman body, the
following parts present examples of levers of the first order.

(2) The skull in its movements upon the atlas, as fulcrum.

() The pelvis in its monements upon the heads of the
thigh-bones, as fulcrum.

(¢) The foot, when it is raised, and the toe tapped on the
ground, the ankle joint being fulerum (Fig. 59).

I have not given the position of the weight and power in
either of these cases, because they are reversed according to
circumstances. Thus, when the face is being depressed, the
power is applied in front, and the weight to the back part, of
the skull; but when the face is being raised, the power is be-
hind and the weight in front. The like is true of the pelvis,
according as the body is bent forward, or backward, upon the
legs. Finally, when the toes, in the action of tapping, strike
the ground, the power is at the heel, and the resistance in the’
front of the foot. But, when the toes are raised to repeat the
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act, the power is in front, and the weight, or resistance, is at
the heel, being, in fact, the inertia and elasticity of the muscles
and other parts of the back of the leg.

But, in all these cases, the lever remains one of the first
class, because the fulcrum, or fixed point on which the lever
turns, remains between the power and the weight, or resistance.

210. Levers of the Second Order.—The following are three
examples of levers of the second order:

(a) The thigh-bone of the leg which is bent up toward the
body and not used, in the action of hopping.

For, in this case, the fulcrum is at the hip-joint. The
power (which I assume to be furnished by the rectus muscle of
the front of the thigh) acts upon the knee-cap; and the posi-
tion of the weight is represented by that of the centre of grav-
ity of the thigh and leg, which will lic somewhere between the.
end of the knee and the hip.

(5) A rib when depressed by the rectus mnscle of the ab-
domen, in expiration.

Here the fulerum lies where the rib is articulated with the
spine ; the power is at the sternum—virtually the opposite end
of the rib ; and the resistance to be overcome lies between the
two.

(¢) The raising of the body upon the toes, in standing on
tiptoe, and in the first stage of making a step forward
(Fig. 60).

Here the fulcrum is the ground on which the toes rest; the
power is applied by the muscles of the calf to the heel; the
resistance is so much of the weight of the body as is bome by
the ankle-joint of the foot, which of course lies between the
heel and the toes.

211. Levers of the Third Order.—Three examples of
levers of the third order are—

(a) The spine, head, and pelvis, considered as a rigid bar,
which has to be kept erect upon the hip-joints (Fig. 4).

Here the fulerum lies in the hip-joints; the weight is at -
the centre of gravity of the head and trunk, high above -the
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folerum ; the power is supplied by the cxtensor, or flexor,
muscles of the thigh, and acts upon points comparatively close
to the fulerum.

(b) Flexion of the forearm upon the arm by the biceps
muscle, when a weight is held in the hand.

In this case, the weight being in the hand and the fulcrum
at the elbow-joint, the power is applied at the point of attach-
ment of the tendon of the biceps, close to the latter.

(c) Extension of the leg on the thigh at the knee-joint.

Here the fulcrum is the knee-joiut; the weight is at the
centre of gravity of the leg and foot; the power is applied by
the ligament of the knee-cap, or patella, to the tibia, close to
the knee-joint. '

212. One Part may represent the Three Kinds—In
studying the mechanism of the body, it is very important to
recollect that one and the rame part of the body may represent

- each of the three kinds of levers, according to circumstances.
Thus it has been seen that the foot may, under some circum-
stances, represent a lever of the first, in others of the second
order. But it may become a lever of the third order, as when
one dances a weight resting upon the toes, up and down, by
moving only the foot. In this case, the fulerum is at the
anklejoiut, the weight is at the toes, and the power is fur-
nished by the extensor muscles at the front of the leg, which
are inserted between the fulecrum and the weight (Fig. 61).

213. Different Kinds of Joints.—It is very important that
the levers of the body should not slip, or work unevenly, when
their movements are extensive, and to this end they are con-
nected together in such a manner as to form strong and defi-
nitely arranged joints or articulations.

(a) Imperfect joints are those in which the conjoined levers
(bones or cartilages) present no smooth surfaces, capable of
rotatory motion, to one another, but are connected by contin-
uous cartilages, or ligaments, and have only so much mobility
as is permitted by the flexibility of the joining substance.

Examples of such joints as these are to be met with in the
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vertebral column—the flat surfaces of the several joints, or ver-
tebree, being connected together by thick plates of very elastic
fibro-cartilage, which confer upon the whole column consid-
erable play and springiness, and yet prevent any great amount
of motion between the several vertebre. The pubic bones are
united together, and the haunch-bones with the sacrum, by
fibrous or cartilaginous tissue, which allows of only a slight
play, or may merely confer a little more clasticity than if the
joint were formed by the direct apposition of bones.

214. Structure and Working of Joints—In all perfect
joints, the opposed surfaces of the bones which move upon
one another are covered with cartilage, and are contained in a

Fia. 62.

A section of the hip-joint taken through the acetabulum and the middle of the hedd
and neck of the thigh-bone.—L. 7. Ligamentum tercs, or round ligament,

sort of sac, which lines these cartilages and the side walls of
the joint; and which, secreting a viscid lubricating fluid—the
synovia—is called a synovial membrane. :
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The opposed surfaces of the articular cartilages are sphe-
roidal, cylindrical, or pulley-shaped ; and the convexities of the
one answer, more or less completely, to the concavities of the
other.

Sometimes, the two articular cartilages do not come di-
rectly into contact, but are separated by independent plates of
cartilage, which are termed inter-articular. The opposite faces
of these inter-articular cartilages are fitted to reccive the faces
of the proper articular cartilages.

While: these coadapted surfaces and synovial membranes
provide for the free mobility of the bones entering into a joint,
the nature and extent of their motion is defined, partly, by the
forms of the articular surfaces, and, partly, by the disposition
of the ligaments or firm fibrous cords which pass from one
bone to the other.

215. Ball-and-Socket Joints.—As respects the nature of
the articular surfaces, joints may be what are called ball-and-
socket joints, when the spheroidal surface furnished by one bone
plays in a cup furnished by another. In this case the motion
of the former bone may take place in any direction, but the
extent of the motion depends upon the shape of the cup—
being very great when the cup is shallow, and small in propor-

-tion as it is deep. The shoulder is an example of a ball and
socket joint with a shallow cup; the hip of such a joint with
a deep cup (Fig. 62). )

216. Hinge-Joints are single or double. In the former
case, the nearly cylindrical head of one bone fits into a corre-
sponding socket of the other. In this form of hinge-joint the
only motion possible is in the direction of a plane perpendicu-
lar to the long axis of the cylinder, just as a door can only be
made to move round an axis passing through its hinges. The
elbow is the best example of this joint in the human body (Fig.
63). The knee and ankle present less perfect specimens of it.

A double hinge-joint is one in which the articular surfaces
of each bone are concave in one direction, and convex in
another, at right angles to the former. A man seated in a
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saddle is “articulated” with the saddle by such a joint. For
the saddlc is concave from before backward and convex from
side to side, while the man presents to it the concavity of his

Fie. 63
dinal and vertical section through the elbow-joint.—&. Humerus; UZ ulna;

ta
3 thi:. triceps muscle which extends the arm; B4 the biceps rauscle which

Lo
legs astride, from side to side, and the convexity of his seat,
from before backward.

The metacarpal bone of the thumb is articulated with the
bone of the wrist, called trapezium, by a double hinge-joint.

217. A Pivot-Joint is one in which a given bone furnishes
an axis, or pivot, on which another turns; or itself turns on its
own axis, resting on another bone. A remarkable example of
the former arrangement is afforded by the atlas and azis, or
two uppermost vertebree of the neck (Figs. 64, 65). The axis
possesses a vertical peg, the so-called odontoid process (b),
and at the base of the peg are two, obliquely-placed, articular
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surfaces (a). The atlas is a ring-like bone, with a massive
thickening on each side. The inner side of the front of the
ring plays round the neck of the odontoid peg, and the under
-surfaces of the lateral masses glide over the articular faces on
each side of its base. A strong ligament passes between the
inner sides of the two lateral masses of the atlas, and keeps the
hinder side of the neck of the odontoid peg in its place (Fig.
64). By this arrangement, the atlas is enabled to rotate
through a considerable angle either way upon the axis, without
any danger of falling forward or backward—accidents which
would immediately destroy life by crushing the spinal marrow.
The lateral masses of the atlas have, on their upper faces,
concavities (Fig. 64, a) into which the two, convex, occipital

Fig. 64.—~The atlas viewed from above; @ a, upper articular surface of its lateral mass
for the condyles of the skull: 3, the peg of the axis vertebra.

Fig. 65.—8ide view of the axis vertebra; a, articular surface for the latcral mass of
the atlas ; b, peg or odontoid process.

condyles of the skull fit, and in which they play upward and
downward. Thus the nodding of the head is effected by the
movement of the skull upon the atlas, while, in turning the
head from side to side, the skull does not move upon the atlas,
but the atlas slides round the odontoid peg of the axis ver-
tebra.

The second kind of pivot-joint is seen in the forearm. If
the elbow and forearm, as far as the wrist, are rested upon a
table, and the elbow is kept firmly fixed, the hand can never-
theless be freely rotated so that either the palm, or the back,
is turned directly upward. When the palm is turned upward,
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the attitnde is called supination (Fig. 66); when the back,
pronation (Fig. 67).

218. The Radius and Ulna.—The forearm is composed of
two bones; one, the ulna, which articulates with the humerus
at the elbow by the hinge-joint already described, in such a
manner that it can move only in flexion and extension, and has
no power of rotation. Hence, when the elbow and wrist are
rested on a table, this bone remains unmoved.

But the other bone of the forearm, the radius, has its small
upper end, shaped like a very shallow cup with thick edges.

B A
Fie. 67. Fie. 66.

Fra. 66.—The bones of the right forearm in supinst
Fi6. 67—in pronation.— 4. humerus; R. radius; U. ulna.

The hollow of the cup articulates with a spheroidal surface fur-
nished by the humerus; the lip of the cup, with a concave de-

pression on the side of the ulna.
The large lower end of the radius bears the hand, and has,
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toward the ulna, a concave surface which articulates with the
convex side of the small lower end of that bone.

Thus the upper end of the radius turns as a pivot on the
double surface, farnished to it by the ball of the humerus,”and
the partial cup of the ulna; while the lower end of the radius
can rotate round the pivot furnished to it by the lower end of the
ulna. In supination, the radius lies parallel with the ulna, with
its lower end to the outer side of the ulna (Fig. 66). In
' pronation, it is made to turn on its own axis above, and round
the ulna below, until its lower moiety crosses the ulna, and its
lower end lies on the inner side of the ulna (Fig. 67).

219, The Ligaments which keep the mobile surfaces of
bones together are, in the case of ball-and-socket joints, strong
fibrous capsules which surround the joint on all sides. In hinge
joints, on the other hand, the ligamentous tissue is chiefly ac-
cumulated on those aspects of the joint on which motion does
not take place, as lateral ligaments, In some cases ligaments
are placed within the joints, as in the knee, where the bundles
of fibres which cross obliquely between the femur and the tibia
are called crucial ligaments; or, as in the hip, where the round
ligament passes from the bottom of the acetabulum to the ball
furnished by the head of the femar (Fig. 62).

Again, two ligaments pass from the apex of the odontoid
peg to either side of the margins of the occipital foramen;
these, from their function in helping to stop excessive rotation
of the skull, are called check ligaments (Fig. 68, a).

In one joint of the body, the hip, the socket or acetabulum
(Fig. 62) fits so closely to the head of the femur, and the cap-
sular ligament so completely closes its cavity on all sides, that
the pressure of air must be reckoned among the causes which
prevent dislocation. This has been proved experimentally by
boring a hole through the floor of the acetabulum, so as to ad-
mit air into its cavity, when the thigh-bone at once falls as far
as the round and capsular ligaments will permit it to do, show-
ing that it was previously pushed close up by the pressure of
the external air.
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220. Various Kinds of Movements of Joints.—The differ-
ent kinds of movement of which the levers thus connected are
capable are called flerion and eztension ; abduction and adduc-
tion ; roltation and circumduction.

Fia. 68,

The vertebral column in the npper part of the neck laid open, to show—a, the check
1 ent of the axis; b, the broad ligament which extends from the front margin
of the occipital foramen along the hinder faces of the bodies of the vertebrre; it
is cut through, and the cut ends turned back to show, ¢, the special ligament
which connects the point of the *‘odontoid ™ peg with the front margia of the
occipital foramen; Z the Atlas; J/. the axis,

A limb is flezed, when it is bent; eztended;'when it is
straightened out. It is abducted, when it is drawn away from
the middle line; adducted, when it is brought to it.” It is
rotated, when it is made to turn on its own axis; eircumducted,
when it is made to describe a conical surface by rotation round
an imaginary axis,

No part of the body is capable of perfect rotation like a
wheel, for the simple reason that such motion would neces-
sarily tear all the vessels, nerves, muscles, etc., which unite it
with other parts.

221, Means of affecting them.—Given two bones united
by a joint, and they may be moved one upon another in, at
fewest two, different directions. In the case of a pure hinge-
joiut their directions must be opposite and in the same plane ;
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bat, in all other joints, they may be in several directions and
various planes.

In the case of a pure hinge-joint the two practicable move-
ments will be effected by attaching muscles to the bones on
opposite sides of the joint (£ e, on the side foward which
one of the bones moves when the joint is bent, and on the side
Jrom which it moves). When either of these muscles con-
tracts, it will pull its attached ends together and bend the joint
toward the side on which it is placed.

In the other extreme form of articulation—the ball-and-
socket joint—movement in any number of planes may be ef-
fected, by attaching muscles in corresponding number and
direction, on the one hand, to the bone which affords the
socket, and on the other to that which furnishes the head.
Circumduction will be effected by the combined and successive
contraction of such muscles.

222. Tendons and their Functions.—It usually happens
that the part to which onc end of a muscle is attached is ab-
solutely or relatively fixed, while that to which the other is
fixed is movable.” In this case the attachment to the fixed
bone is termed the origin, that to the movable bone the inser-
tion of the muscle,

The fibres of muscles are sometimes fixed directly into the
parts which serve as their origins and insertions; but, more
commonly, strong cords or bands of fibrous tissue, called Zen-
dons, are interposéd between the muscle proper and its place
of origin or insertion. When the tendons play over hard sur-
faces it is usual for them to be separated from these surfaces
by sacs containing fluid, which are called burse; or even to

“be invested by synovial sheaths.

Usnally, the direction of the axis of a muscle is that of a
straight line joining its origin and its insertion. But in some .
muscles, as the superior oblique muscle of the eye, the tendon
passes ‘over a pulley formed by a ligament, and completely
alters its direction before reaching its insertion (Figs, 86 and
87).
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Again, there are muscles which are fleshy at each end,
and have a tendon in the middle. Such muscles are called
digastric, or two-bellied. In the curious muscle which de-
presses the lower jaw, and specially receives this name of di-
gastric, the middle tendon runs through a pulley connected
with the hyoid bone; and the muscle, which passes downward
and forward from the skull to this pulley, after traversing it,
runs upward and forward, to the lower jaw (Fig. 69).

Fia. 69.
The course of the digastric muscle.—J), its posterior belly; D, its anterior bellz:
e

between tho two is the tendon passing through its pulley connected with Zy. t|
hyoid bone.

Section IIL.—Movements of Locomotion.

223. Walking.—We may now pass from the consideration
of the mechanism of mere motion to that of locomotion.

‘When a man who is standing erect on both feet proceeds .
to walk, beginning with the right leg, the body is inclined so
as to throw the centre of gravity forward ; and, the right foot
being raised, the right leg is advanced for the length of a step,
and the foot is put down again. In the mean while, the left
heel is raised, but the toes of the left foot have not left the
ground when the right foot has reached it, so that there is no
moment when both feet are off the ground. For an instant,
the legs form two sides of an equilateral triangle, and the cen-
tre of the body is consequently lower than it was when the
legs were parallel and close together.
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The left foot, however, has not been merely dragged away
from its first position, but the muscles of the calf, baving come
into play, act upon the foot as a lever of the second order, and
thrust the body, the weight of which rests largely on the left
astragalus, upward, forward, and to the right side. The mo-
mentum thus communicated to the body causes it, with the
whole right leg, to describe an arc over the right astragalus, on
which that leg rests below. The centre of the body conse-
quently rises to its former height as the right leg becomes ver-
tical, and descends again as the right leg, in its turn, inclines
forward.

‘When the left foot has left the ground the body is supported
on the right leg, and is well in advance of the left foot; so that,
without any further muscular exertion, the left foot swings for-
ward like a pendulum, and is carried, by its own momentum,
beyond the right foot, to the position in which it completes the
second step.

224, Economy of Force in Walking.—When the inter-
vals of the steps are so timed that each swinging leg comes for-
ward into position for a new step, without any exertion on the
part of the walker, walking is effected with the greatest possible
economy of force. And as the swinging leg is a true pendu-
lum, the time of vibration of which depends, other things being
alike, upon its length (short pendulums vibrating more quickly
than long ones), it follows that, on the average, the natural
step of short-legged people is quicker than that of long-legged
ones.

225. Running and Jumping.—In running there is a pe-
riod when both legs arc off the ground. The legs are ad-
vanced by muscular contraction, and the lever action of cach
foot is swift and violent. Indeed, the action of each leg resem-
bles, in violent running, that which, when both legs act to-
gether, constitutes a jump, the sudden extension of the legs
adding to the impetus, which, in slow walking, is given only
by the feet.

g -
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Sectiox 1V.— Vocal Movements.

226. Conditions of the Production of Voice.—Perhaps
the most singular motor apparatus in the body is the larynz,
by the agency of which voice is produced.

Fia, 70.

of the larynx, the thyroid cartilage being suppused to be tran nt, -nd

allowing the r¥ht uytenu{menmhge }A r.), vocal I s ent ( 7.),and thyro-aryte-

noid muscle (74.4.), the upper part of the cricoid carti ), ln«l c attach-

ment or the €] gl«atlsh(l)'z.h be secn; C.th.the right crico-thyroid muscle; 7.
y e hyo!

The essential conditions of the production of the huran
voice are :

a. The existence of the so-called vocal chords. :

b. The parallelism of the edges of these chords, w1thout
which they will not vibrate in such a manncr as to give out
sound.

¢. A certain degree of tightness of the vocal chords, without
which they will not vibrate quickly enough to produce sound.

d. The passage of a current of air between the parallel
edges of the vocal chords sufficiently powerful to sct the chords
vibrating.

227. The Vocal Chords.—The vocal chords are, properly
speaking, not “chords ™ at all, but elastic cushions with broad
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bases, fixed to the larynx, and sharp free edges, which consti-
tute the lateral boundaries of the glottis. In front, the ends
of the edges of these vocal cushions arc attached, close to-

Fie. 71,

A vertical and transverse scction through the larynx, the hinder half of which is re-
moved.—Ep. E%logloms; Th. thlyroid cartilage; @, cavities called the ventricles
of the laryn® above the vocal ligaments (¥); x the right thyro-arytenoid mus-
cle cut across; Cr. the cricoid cartilage.

gether, to the reéntering angle of the thyroid cartilage ; be-
hind, to the arytenoid cartilages. These, when left to them-
-selves, diverge, so that, in the quiescent state, the aperture of
the glottis is V-shaped, the point of the V. being forward and
the base behind (Fig. 72). Under these circumstances a cur-
rent of air passing through the glottis produces no sound;
whence it is that ordinary expiration and inspiration take place
quietly.

228. The Cartilages of the Larynx.—The thyroid car-
tilage is a broad plate of gristle bent upon itself so as to have a
V shape, and so disposed that the point of the V is turned for-
ward, and constitutes what is commonly called “ Adam’s apple.”
Above, the thyroid cartilage is attached to the hyoid bone.
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Below and hebind, its broad sides are produced into little
elongations or horns, which are connected by ligaments with
the outside of a great ring of cartilage, the cricoid, which forms,
as it were, the top of the windpipe. The cricoid ring is much
higher behind than i front, and a gap, filled up only by mem-
brane, is left between its upper edge and the lower edge of the
front part of the thyroid, when the latter is horizontal. Con-
sequently, the thyroid cartilage can be moved up and down
through the space left by this membrane, turning upon the
articulation of its horns with the hinder part of the cricoid, as
upon hinges. When it moves downward, the distance betwecn
the front part of the thyroid cartilage and the back of the cri-
coid is necessarily increased ; and when it moves back again to
the horizontal position, diminished. There is, on each side, a
large muscle, the crico-thyroid, which passes from the outer
side of the cricoid cartilage obliquely upward and backward to
the thyroid, and pulls the latter down (Fig. 70).

T 2

Fra. 72.

The parts surrounding the gloms partially dissected and viewed from above.— 7h.
The thyroid cartilage; C7r. the cricoid cartilage; ¥, the edges of the vocal liga-
ments bounding the glottis; Ary. the arytenoid cartilage; Th.A4. thyro-aryte-
noid; C.a.l. lateral crico-arytenoid; C.a.p. posterior crico-arytenoid ; Ar. p. pos-
terior arytenoid muscles.

229, The Muscles of the Larynx.—The two arytenoid
cartilages are perched side by side upon the upper edge of the



VOCAL MOVEMENTS. 173

back part of the cricoid, and are freely articulated therewith,
Muscles are so disposed as to pull them toward, or away from,
one another; and a pair of strong muscles which proceed from
their bases to the reéntering angle of the thyroid alongside the
vocgl chords, and are called thyro-arytenoid, tend to pull the
thyroid cartilage up when it has been depressed by the crico-
thyroid muscles.

‘When the muscles called posterior arytenoid, which, pass-
ing between the two arytenoid cartilages, cause them to ap-
proach one another, contract, they bring the hinder ends of the
vocal chords together, and make their edges parallel. The
expiratory muscles now force air from the chest through the
larynx, and a musical note, the voice, is produced.

Fia. 78.

Diagram of a model {llustrating the action of the levers and muscles of the larynx.

The stand and vertical pillar represent the cricoid and arytenoid cartilages, while

. the rod (b ¢), moving on a mvo{' at ¢, takes the place ot the thyroid cartilage: a b

is an elastic band representing the vocal ligament. Parallel with this runs a eord

fastened at one end to b ¢, and at the other, passing over a pulley to the weight

B. This represents the thyro-arytenoid musecle. A cord attached to the middle

of b ¢, and passing over o second pulley to the weight 4, represcnts the crico-

thyroid musele. It is obvicus that when the bar &? ¢) is pulled down to the posi-
tion ¢ d, the elastic band (@ b) i3 put on the stretch.

230. Notes—Range and Quality of Voice,—Other things
being alike, the musical note will be low or high, according as
the vocal chords are relaxed or tightened; and this again de-
pends upon the relative predominance of the contraction of the
crico-thyroid and thyro-arytenoid muscles: for when the thyro-
arytenoid muscles are fully contracted, the thyroid cartilage
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will be pulled up as far as it can go, and the vocal chords will
be as lax as they can be; while, when the crico-thyroid mus-
cles are fully contracted, the thyroid cartilage will be pulled
down as far as it can go, and the vocal chords will be stretched
as far as possible.

The range of any voice depends upon the difference of ten-
sion which can be given to the vocal chords, in these two posi-
tions of the thyroid cartilage. Accuracy of singing depends
upon the precision with which the singer can voluntarily adjust
the contractions of the thyro-arytenoid and crico-thyroid mus-
cles—so0 as to give his vocal chords the exact tension at which
their vibration will yield the notes required. '

The gquality of a voice—treble, base, tenor, etc., on the
other hand, depends upon the make of the particular larynx,
the primitive length of its vocal chords, their elasticity, the
amount of resonance of the surrounding parts, and so on.

Thus, men have deeper notes than boys and women, be-
cause their larynges are larger and their vocal chords longer—
whence, though equally elastic, they vibrate less swiftly.

281. Speech—Vowel and Consonant Sounds.—.Speech is
voice modulated by the throat, tongue, and lips. Thus voice
may cxist without speech ; and it is commonly said that speech

.may exist without voice, as in whispering. This is only true,
however, if the title of voice be restricted to the sound pro-
duced by the vibration of the vocal chords; for, in whispering,
there is a sort of voice produced by the vibration of the mus-
cular walls of the lips, which thus replace the vocal chords. A
whisper is, in fact, a very low whistle.

The modulation of the voice into speech is effected by
changing the form of the cavity of the mouth and nose, by the
action of the muscles which move the walls of those parts.

Thus, if the pure vowel sounds

E (as in ke), A (as in kay), A’ (as in ak),

O (as in or), O’ (as in ok), 0O (as in cool),
are pronounced successively, it will be found that they may be
all formed out of one note, produced by a continuous expira-



VOCAL MOVEMENTS. 175

tion, the mouth being kept open, but the form of its aperture
being changed for cach vowel. It will be narrowest, with the
lips most drawn back, in %, widest in 4’, and roundest, with
the lips most protruded, in OO.

Certain consonants also may be pronounced without inter-
rupting the current of the expired air, by modification of the
form of the throat and mouth.

Thus the aspirate, &, is the result of a little extra expira-
tory force—a sort of incipient cough. § and Z, Sk and J (as
in jugular=@ soft, as in geniry), Th, L, R, F, V, may like-
wise all be produced by continuous currents of air forced
through the mouth, the shape of the cavity of which is pecu-
liarly moditied by the tongue and lips.

232. Blocking the Air-Current.—All the vocal sounds
hitherto noted so far resemble one another, that their produc-
tion does not involve the stoppage of the current of air which
traverses either of the modulating passages.

But the sounds of M and & can only be formed by blocking
the current of air which passes through the mouth, while free
passage is left through the nose. For ¥, the mouth is shat by
the lips; for V, by the application of the tongue to the palate.

233. Explosive Consonants. — The other consonantal
sounds of the English language are produced by shutting the
passage through- both nose and mouth; and, as it were, for-
cing the expiratory vocal current through the obstacle furnished
by the latter, the character of which obstacle gives each con-
sonant its peculiarity. Thus, in producing the consonants B
and P the mouth is shut by the lips, which are then forced
open in this exzplosive manner. In 7" and D the mouth pas-
sage is suddenly barred by the application of the point of the
tongue to the teeth, or to the front part of the palate; while
in K aud @ (hard, as in go) the middle and back of the tongue
are similarly forced against the back part of the palate.

234. Speaking - Machines.—An artificial larynx may be
made by the proper adjustment of elastic bands, which take the
place of the vocal chords; and when a current of air is forced
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through these, due regulation of the tension of the bands will
give rise to all the notes of the human voice.. As each vowel
and consonantal sound is produced by the modification of the
form of the cavities, which lie over the natural larynx; so, by
placing over the artificial larynx chambers to which any requi-
site shape can be given, the various letters may be sounded.
It is by attending to these facts and principles that various
speaking-machines have been constructed.

235. Tongueless Speech.—Although the tongue is credited
with the respousibility of speech, as the “unruly member,”
and undoubtedly takes a very important share in its produc-
. tion, it is not absolutely indispensable. Hence, the apparently
fabulous stories of people who have been enabled to speak after
their tongues had been cut out by the cruelty of a tyrant or
persecutor, may be quite true.

Some years ag6 I had the opportunity of examining a per-
son, whom I will call Mr. R., whose tongue had been removed
as completely as a skilful surgeon could perform the operation.
‘When the mouth was widely opened, the truncated face of the
stump of the tongue, apparently covered with new mucous
membrane, was to be seen, occupying a position as far back as
the level of the anterior pillars of the fauces. The dorsum of
the tongue was visible with difficulty ; but I believe I could dis-
cern some of the circumvallate papillee upon it. None of these
were visible upon the amputated part of the tongue, which had
been preserved in spirit; and which, so far as I could judge,
was about 24 inches long.

‘When his mouth was open, Mr. R. could advance his
tongue no farther than the position in which I saw it ; but he
informed me that when his mouth was shut, the stump of the
tongue could be brought much mere forward.

Mr. R.’s conversation was perfectly intelligible; and such
words as think, the, cow, Kill, were well and clearly pro-
nounced. But tin became fin ; tack, fack or pack ; toll, pool ;
dog, thog ; dine, vine; dew, thew; cat, catf ; mad, madf;
goose, gooth : big, pig, bick, pick, with a guttural ck.
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In fact, only the pronunciation of those letters the forma-
tion of which requires the use of the tongue was affected ; and,
of these, only the two which involve the employment of its
tip, were absolutely beyond Mr. R.’s power. He converted all
t's and d’s into f7s, p’s, v’s, or th’s. Th was fairly given in all
cases; ¢ and sh, / and #, with more or less of a lisp. Initial
g’s and X's were good ; but final g’s were all more or less gut-
tural. In the former case, the imperfect stoppage of a current
of air by the root of the tongue was of no moment, as the
sound ran on into that of the following vowel; while, when
the letter was terminal, the defect at once became obvious.

CHAPTER IX.

OF SENSATIONS AND SENSORY ORGANS.

SecrioNn I.—Reflex Action— Groups of Sensations.

236. Efferent and Afferent Nerves.—The agent by which
all the motor organs (except the cilia) described in the pre-
ceding chapter are set at work is muscular fibre. But, in the
living body, muscular fibre is made to contract only by a
change which takes place in the motor or efferent nerve, which
is distributed to it. This change again is effected only by the

-activity of the central nervous organ, with which the motor

nerve is connected. The central organ is thrown into activity
immediately or ultimately, only by the influence of changes
which take place in the molecular condition of mnerves, called

sensory or afferent, which are connected, on the one hand, with'

the central organ, and, on the other hand, with some other
part of the body. Finally, the alteration of the afferent nerve
is itself produced only by changes in the condition of the part
of the body with which it is connected, and which usually re-
sult from external impressions.

8%
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237. Conveyance of Molecular Impressions.—Thus the
great majority (if not the whole) of the movements of the body
and of its parts are the effect of an influence (technically
termed a stimulus or irritation) applied directly, or indirectly,
to the ends of afferent nerves, and giving rise to a molecular
change, which is propagated along their substance to the
central nervous organ with which they are connected. The
molecular activity of the afferent nerve communicates itself to
the central organ, and is then transmitted along the motor
nerves, which pass from the central organ to the muscles
affected. And when the disturbance in the molecular condi-
tion of the efferent nerves reaches their extremities, it is com-
municated to the muscular fibrcs, and causes their particles to
take up a new position, so that each fibre shortens and be-
comes thicker.

238. Reflex Action. Sensations and Consciousness.—
Such a series of molecular changes as that just described is
called a reflez action—the disturbance caused by the irritation
being as it were reflected back, along the motor nerves, to the
muscles,

A reflex action, strictly so called, takes place without our
knowing any thing about it, and hundreds of such actions are
going on continually in our bodies without our being aware of
them. But it very frequently happens that we learn that
something is going on, when a stimulus affects our afferent
nerves, by having what we call a feeling or sensation. We
~ class sensations along with emotions, and volitions, and thoughts, -
under the common head of states of consciousness. But what
consciousness is, we know not ; and how it is that any thing so
remarkable as a state of consciousness comes about as the re-
sult of irritating nervous tissue, is just as unaccountable as the
appearance of the Djin when Aladdin rubbed his lamp in the
story, or as any other ultimate fact of nature.

239. Subjective Sensations,—Sensations are of very vari- .
ous degrees of definiteness. Some arise within ourselves, we
know not how or where, and remain vague and undefinable.




REFLEX ACTION—GROUPS OF SENSATIONS. 179
Such are the sensations of uncomfortableness, of faintness, of
Jatigue, or of restlessness. 'We cannot assign any particular place
to these sensations, which are very probably the result of affec-
tions of the afferent nerves in general, by the state of the blood,
or that of the tissues in which they are distributed. And how-
ever real these sensations may be, and however largely they
enter into the sum of our pleasures and pains, they tell us ab-
solutely nothing of the external world. They are not only
diffuse, but they are subjective sensations.

240, The Muscular Sense.—What is termed the muscular
.sense is less vaguely localized than the preceding, though its
place is still incapable of being very accurately defined. This
muscular sensation is the feeling of resistance which arises
when any kind of obstacle is opposed to the movement of the
body, or of any part of it; and it is something quite different
from the feeling of contact, or even of pressure.

Lay one hand flat on its back upon a table, and rest a disk
of cardboard a couple of inches in diameter upon the ends of
the outstretched fingers ; the only result will be a sensation of
contact—the pressure of so light a body being inappreciable.
Baut put a two-pound weight upon the cardboard and the sen-
sation of contact will be accompanied, or even obscured, by
the very different feeling of pressure. Up to this moment the
fingers and arm have rested upon the table; but now let the
hand be raised from the table, and another new feeling will
make its appearance—that of resistance fo effort. 'This feeling
comes into existence with the exertion of the muscles which
raise the arm, and is the conscionsness of that exertion given
to us by the muscular sense.

Any one who raises or carries a weight knows well enough
that he has this sensation; but he may be greatly puzzled to
say where he has it. Nevertheless, the sense itself is very deli-
cate, and enables us to form tolerably accurate judgments Of
the relative intensity of resistances. Persons who deal in al:tl'
cles sold by weight are constantly enabled to form very precise
estimates of the weight of such articles by balancing them in
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their hands; and, in this case, they depend in great measure
upon the muscular sense.

241. The Higher Senses.—In a third group of sensations,
each feeling, as it arises, is assigned to a definite part of the
body, and is produced by a stimulus applied to that part of the
body ; but the bodies, or forces, which are competent to act us
stimuli, are very various in character. Such are the sensations
of touch, taste, and smell, which arc restricted to the membranes
which cover the surface of the body and line the mouth and
nasal cavities,

And lastly, in a fourth group of semsations, each feeling
requires for its production the application of a single kind of
stimulus to a very specially modified part of the integument.
The latter serves as an intermediator between the physical
agent of the seusation and the sensory nerve, which is to con-
vey to the brain the impulse necessary to awake the! state of
consciousness, which we call the sensation, in it. Such are the
sensations of sight and hearing. The physical agents which
can alone awaken these sensations (under natural circumstances)
are light and sound. The modified parts of the integument,
which alone are competent to intermediate between these agents
and the nerves of sight and hearing, are the eye and the ear.

242. General Plan of a Sensory Organ.—In every sensory
organ it is necessary to distinguish the terminal expansion of
the afferent or sensory nerve, and the structures which inter-
mediate between this expansion and the physical agent wlnch
gives rise to the sensation.

And in each group of special sensations there are certain
phenomena which arise out of the structure of the organ, and
others which result from the operation of the central apparatus
of the nervous system upon the materials supplied to it by the

sensory organ.
SecrioN IL—Touch, Taste, and Smell

243 “The Sense of Touch.—The sense of Tovca {including
that ‘of heat and cold) is possessed, more or less acutely, by all
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parts of the free surface of the body, and by the walls of the
mouth and nasal passages.

‘Whatever part possesses this sense consists of a membrane
(integumentary or mucous) composed of a deep layer made up
of fibrous tissue, containing a capillary net-work and the ulti-
mate terminations of the sensory nerves; and of a superficial
layer consisting of epithelial or epidermic cells, among which
are neither nerves nor vessels.

‘Wherever the sense of touch is delicate, the deep layer is
not a mere flat expansion, but is raised up into multitudes of
small, close-set, conical elevations, which are called papille.
In the skin, the coat of epithelial or epidermic cells does not
follow the contour of these papille, but dips down between
them and forms a tolerably even coat over them. Thus, the
points of the papille are much nearer the surface than the
gencral planc of the deep layer whence these papills proceed.
" Loops of vessels enter the papills, and the fine ultimate
terminations of the sensory nerve fibres distributed to the skin
terminate in them, but in what way has not been thoroughly
made out.

In certain cases, the delicate fibrous sheath, or neurilemma,
of the nerve which enters the papilla, enlarges in the papilla
into an oval swelling, which is called a tactile corpuscle. These
corpuscles are only found in the papille of those localities which
are endowed with a very delicate sense of touch, as in the tips
of the fingers, the point of the tongue, ete.

244. Functions of Epithelium.—It is obvious from what
has been said that no direct contact takes place between a
body which is touched and the sensory nerve, a thicker or
thinner layer of epithelium, or epidermis, being situated be-
tween the two. In fact, if this layer is removed, as when a
surface of the skin has been blistered, contact with the raw
surface gives rise to a sense of pain, not to one of touch prop-
crly so called. Thus, in touch, it is the epidermis, or epithe-
lium, which is the intermediator between the nerve and the
physical agent, the external pressure being transmitted through
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the horny cells to the subjacent ends of the nerves, and the
kind of impulse thus transmitted must be modified by the
thickness and character of the cellular layer, no less than by
the forms and number of the papille.

245. Varying Tactile Sensibility.—Certain very curious
phenomena appertaining to the sense of touch are probably
due to these varying anatomical arrangements. Not only is
tactile sensibility to a single impression much duller in some

s than in others—a circumstance which might be readily
accounted for by the different thickness of the cecllular Jayer—
but the power of distinguishing double simultaneous impres-
sions is very different. Thus if the ends of a pair of com-
passes (better if blunted with pointed pieces of cork) are sep-
arated by only one-tenth or one-twelfth of an inch, they will
be distinctly felt as two, if applied to the tips of the fingers;
‘whereas if applied to the back of the hand in the same way,
only one impression will be felt; and, on the arm they may be
separated for a quarter of an inch, and still only one impres-
sion will be perceived.

Accurate experiments have been made in different parts of
the body, and it has been found that two points can be dis-
tinguished by the tongue, if only one-twenty-fourth of an inch
apart; by the tips of the fingers if one-twelfth of an inch dis-
tant; while they may be one inch distant on the cheek, and
even three inches on the back, and still give rise to only one
sensation. '

246. The Sense of Warmth or Cold.—The fecling of
warmth, or cold, is the result of an excitation of sensory
nerves distributed to the skin, which are probably distinct
from those which give rise to the sense of touch. And it
would appear that the heat must be transmitted through the
cellular layer to give rise to this sensation; for just as touch-
ing a naked nerve, or the trunk of a nerve, gives rise only to
Ppain, so heating or cooling an exposed nerve, or the trunk of'a
nerve, gives rise not to a sensation of heat or cold, but simply
to pain,
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Again, the sensation of heat, or cold, is relative rather than
absolute. Suppose three basins be prepared, onc filled with
ice-cold water, one with water as hot as can be borne, and the
. third with a mixture of the two. If the hand be put into the
hot-water basin, and then transferred to the mixtuare, the latter
will feel cold; but if the hand be kept awhile in the ice-cold
water, and then transferred to the very same mixture, it will
feel warm. '

Like the sense of touch, the sense of warmth varies in deli-
cacy in different parts of the body.

The cheeks are very sensitive, more so than the lips; the
palms of the hands are more sensitive to heat than their backs.
. Hence a washerwoman holds her flat-iron to her cheek to test
the temperature, and one who is cold spreads the palms of his
hands to the fire.

247. The Sense of Taste—the Tongue.—The organ of
the sense of TasTE is the mucous membrane which covers the
tongue, especially its back part and the hinder part of the
palate. Like that of the skin, the deep, or vascular, layer of
the mucous membrane of the tongnue is raised up into papillm,
but these are large, separate, and have separate coats of epi-
thelium. Toward the tip of the tongue they are for the most
- part elongated and pointed, and are called filiform ; over the
rest of the surface of the tongue, these are mixed with other,
larger, papillee with broad ends and narrow bases, called fungi-
Jorm ; but toward its root there are a number of large papil-
lze, sct in the shape of a V with its point backward, each of
‘which. is like a fungiform papilla surrounded by a wall. =These
are the circumvallate papille (Fig. 74, C')p.). The larger of
these papille have subordinate small ones upon their surfaces.
They are very vascular, and they reccive nervous filaments
from two sources, the one the nerve called glossopharyngeal,
the other the fifth nerve. The latter chiefly supplies the front
of the tongue, the former its back and the adjacent part of the
palate; and there is reason to believe that it is the latter re-
gion which is more especially the seat of the scnse of taste.
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The great majority of the sensations we call taste, how-
ever, are in reality complex sensations, into which smell and
even touch largely enter.

FiG. 4.

The mouth widely opened, to show the tongue and palate.— Uv. the uvula; 7. the
tonsi] between the anterior and posterior glllnrs of the fauces; C. l? circumval-
late papillie; F.p. fungiform papille. The minute filiform papille cover the
interspaces between these. On the right side the tonguce is partially dissected to

show the course of the filaments of the glossopharyngeal nerve, Vl%l.

248. Smell—Mechanism of the Nostrils—The organ of
the sense of SmELL is the delicate mucous membrane which
lines a part of the nasal cavities, and is distinguished from the
rest of the mucous membrane of these cavities—firstly, by pos-
sessing no cilia; secondly, by receiving its nervous supply from
the olfactory, or first, pair of cerebral nerves, and not, like the
rest of the mucous membrane, from the fifth pair.

Each nostril leads into a spacious nasal chamber, separated,
in the middle line, from its fellow of the other side, by a parti-
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tion or septum, formed partly by cartilage and partly by bone,
and continuous with that partition which separates the two
nostrils one from thé other. Below, each nasal chamber is
. separated from the cavity of the mouth by a floor, the bony

palate (Figs. 75, 76, 77), and when this bony palate comes to
an end, the partition is continued down to the root of the
tongue by a fleshy curtain, the soft palate, which has already
been described. The soft palate and the root of the tongue

Ra

F1a. 5. Fie. 76.

Vertical longitudinal sections of the nasal cavity.—The left-hand figure represents
the outer wall of the right nasal cavity; the rlght—band figure the left side of the
middle partition or septum of the nose, which forms the right wall. of the left
nasal cavity. 7, the olfactory nerve and its branches; V, branches of the fifth
nerve; Pa. the palate which separates the nasal cavity from that of the mouth;
& T the superior turbinal bone; AL 7. the middle turbinal; Z. 7. the inferior
turbinal. e letter J is placed in the cerebral cavity, and the partition on which
the olfactory lobe rests, and through which the filaments of the olfactory nerves
pass, is the cribriform plate.

together, constitute, under ordinary circumstances, a transverse

movable partition between the mouth and the pharynx, and it

will be observed that the opening of the larynx, the glottis, lies
behind the partition; so that while the latter is complete, no
passage of air can take place between the mouth and the
pharynx. But above and behind the partition are the two
hinder openings of the nasal cavities (which are called the pos-
terior nares) separated by the termination of the septum, and
by means of these wide openings the air passes, with great
readiness, from the nostrils along the lower part of cach nasal
chamber to the glottis, or in the opposite direction. It is by
means of the passages thus freely open to the air that we breathe,

as we ordinarily do, with the mouth shut (Fig. 53).
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Each nasal chamber rises, as a high vault, far above the
Jevel of the arch of the postcrior nares—in fact, about as high
as the depression of the root of the nose. The uppermost and
front part of its roof, between the eyes, is formed by a delicate
horizontal plate of bone, perforated like a sieve by a great many
small holes, and thence called the cribriform plate (Fig. 77).
It is this plate alone which, in this region, separates the cavity
of the nose from that which contains the brain. The olfactory
lobes, which are directly connected with, and, indeed, a part

LT

Fia. 77,

A transverse and vertical section of the nasal cavity taken nmli[through the letter
7 in the foregoing Agnre.—Cr. the cribriform plate; 8. 7%, M. 7. the chambered
superior and middle turbinal bones on which and on the septum, Sp. the fila-
ments of the olfactory nerve are distributed ; Z. 7' the inferior turbinal bone; Pl
the palate ; An. the Antrum or chamber which pies the gr part of the

liary bonc and opens into the nasal cavity.

of the brain, enlarge at their ends, and their broad extremities
vest upon the upper side of the cribriform plate, sending im-
mense numbers of delicate filaments, the olfactory nerves,
through it to the olfactory mucous membrane (Figs. 75, 76).
On each wall of the septum this mucous membrane forms
a flat expansion, but, on the side walls of ecach nasal cavity, it
follows the elevations and depressions of the inner surfaces of
what are called the upper and middle turbinal, or spongy bones.
These bones are called spongy, because the interior of ‘each is



TOUCH, TASTE, AND SMELL. 187

occupied by air cavities separated only by very delicate parti-
tions, and communicating with the nasal cavities. Hence the
bones, though massive-looking, are really exceedingly light and
delicate, and fully deserve the appellation of spongy (Fig. 77).

There is a‘third light scroll-like bone distinet from these
two, and attached to the maxillary bone, which is called the
inferior turbinal, as it lies lower than the other two, and im-
perfectly scparates the air-passages from the proper olfactory
chamber (Fig. 77). It is covered by the ordinary ciliated
mucous membrane of the nasal passages, and receives no fila-
ments from the olfactory nerve (Figs. 75, 76).

249. The Reason of “Sniffing.”—From the arrangements
which have been described it is clear that, under ordinary cir-
cumstances, the gentle inspiratory and expiratory currents will
flow along the comparatively wide, direct passages afforded by
so much of the nasal chamber as lies below the middle turbinal,
and that they will hardly move the air enclosed in the narrow
interspace between the scptum and the upper and middle
spongy bones, which is the proper olfactory chamber.

If the air carrents are laden with particles of odorous mat-
ter, these particles can only reach the olfactory membrane by
diffusing themselves into this narrow interspace; and if there
be but few of these particles, they will run the risk of not reach-
ing the olfactory mucous membrane at all, unless the air in
contact with it be exchanged for some of the odoriferous air.
Hence it is that, when we wish to perceive a faint odor more
distinctly, we sniff, or snuff up, the air. Each sniff is a sudden
inspiration, the effect of which must reach the air in the olfac-
tory chamber at the same time as, or even before, it affects that
at the nostrils, and thus must tend to draw a little air out of
that chamber from behind. At the same time, or immediately
afterward, the air sucked in at the nostrils, entering with a sud-
den vertical rush, part of it must tend to flow directly into the
olfactory chamber, and replace that thus drawn out.

The loss of smell which takes place in the course of a severe
cold may, in part, be due to the swollen state of the mucous
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membrane which covers the inferior turbinal bones, which thus
impedes the passage of odoriferous air to the olfactory chamber.

Secrion III.—The Mechanism of Hearing.

250. Structure of the Organ.—The essential organ of the
sense of HEARING consists, on each side, of two parts, the mem-
branous labyrinth, and the scala media of the cochlea, both of
which small organs are lodged in the midst of a dense and solid
mass of bone (thence called petrosal), forming a part of the
temporal bone, and entering into the base of the skull.

Each of these essential constituents of the organ of hearing
is, substantially, a membranous bag filled with a fluid, and sup-
ported in fluid. In the interior of cach, certain small, mobile,
hard bodics are contained ; and the ultimate filaments of the
auditory nerves are so distributed upon the walls of the bags
that their terminations must be knocked by the vibrations of
these small hard bodies, should any thing set them in motion.
It is also quite possible that the vibrations of the fluid contents
of the sacs may themselves suffice to affect the filaments of the
auditory nerve ; but, however this may be, any such effect must
be greatly intensified by the cobperation of the solid particles.

In bathing in a tolerably smooth sea, on a rocky shore, the
movement of the little waves, as they run backward and for-
ward, is hardly felt by any one who lies down upon the beach;
but, if the beach be sandy and gravelly, the pelting of the
showers of little stones and sand, which are raised and let fall
by each wavelet, makes a very definite impression on the nerves |
of the skin.

Now the membrane on which the ends of the auditory
nerves are spread out is virtually a sensitive beach, and waves
which, by themselves, would not be felt may be readily per-
ceived if they suffice to raise and let fall hard particles.

In the membranous labyrinth these hard bodies are hair-
like filaments, or minute particles of calcareous sand. The
latter are called oloconia, or otolithes.
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The epithelium (e, Fig. 78) which covers the termination
of the nerves in the ampulle (sec p. 190) which is produced
into long stiff slender hair-like processcs (b, Fig. 78), which are,
of course, readily affected by any vibration of the endolymph,
and communicate the impulse to the end of the nerves. In

Fre. 78.
The delicate stiff filaments which are set upon the inner walls of the ampulle.

the vestibular sac (p. 190), on the contrary, these hairs are
scanty or absent, but the minute angular octoconia scrve the
same purpose.

In the scala media of the cochlea organized structures,
minute, rod-hke bodies, having a definite form, length, and
more or less cellular structure, the fibres of Corti, appear to
serve the same object.

251. The Vestibule.—For simplicity’s sake, the membra-
nous labyrinth and the scala media have hitherto been spoken
of as if they were simple bags; but this is not the case, each
bag having a very curious and somewhat complicated form.

Thus the membranous labyrinth has the figure of an oval



190 ELEMENTARY PHYSIOLOGY.

vestibular sac, with which the hooplike semicircular canals are
connected. These are three in number, and two being vertical
are called the anterior and posterior vertical semicircular canals ;
while the third, lying outside, and horizontally, is termed the
external, or horizontal semicircular canal. One end of each of
these canals is dilated into what is called the empulla (Figs.
80, 82).

It is upon the walls of these ampulle and those of the
vestibular sac that the nerves are distributed (p. 189).

The fluid which fills the cavities of the semicircular canals
and sac is termed endolymph. That which separates these
delicate structures from the bony chambers in which they are
contained is the perilympk. Each of these fluids is little more
than water.

252. The Cochlea.—In the scale media of the cochlea the
primitive bag is drawn out into a long, band-like tube, which
is coiled two and a half times on itself into a conical spiral,
and lies in a much wider chamber of corresponding form, ex-
cavated in the petrous bone (Coc. Fig. 80). Each edge of the
scala media is fastened to the walls of the containing chamber,
which thus becomes divided into two passages, which com-
municate at the summit of the spire, but are elsewhere sepa-
rate. These two passages are called respectively the scala
tympani and scala vestibuli, and are filled with perilymph.

The fibres of the auditory nerve (vir. Fig. 79) are distrib-
uted to the whole length of the scala media. They enter it
by the edge which is attached to the inner wall of the bony
cochlea, formed by the central pillar or modiolus, round which
the cavity winds.

That wall of the scala media () which separates it from the
scala vestibuli is called the upper membrane of Corti. The
opposite wall, which separates it from the scala tympani, is the
basilar membrane. It is very elastic, and on it rests the fibres
of Corti (C ('), each of which is composed of two filaments
joined at an angle. An immense number of these filaments
are set side by side, with great regularity, throughout the
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whole length of the scala media, so that this presents almost
the appearance of a keyboard, if viewed from either the scala

Fre. 79,

A section throogh the seala media of the cochlea.—a, The inner wall pillar, or modi-
olus of the hona cochlea; ¢, its outer wall; Sca. 7. the cavity of the scala tym-
pani; Sca. V. the cavity of the scala vestibuli: Sca. Af. the cavity of the scala
medis itself; d, the elastic basilar b which separates the scala media

itself from the scala tympani; V. a vessel which lies in this cut through; e, the

so-called upper membranc of Corti which se‘gam&es tho scala media from the
scala vestibuli; C (7, the fibres of Corti; VLI the filaments of the auditory nerve.

2

vestibuli or the scala tympani. The ends of the nerves come
into close relation with these fibres, which are capable of being
agitated by the slightest impulse.
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253. The Bony Labyrinth.—These essential parts of the
organ of hearing are lodged in chambers of the petrous part
of the temporal bone. Thus the membranous labyrinth is
contained in a cavity of corresponding form, of which that part
which lodges the sac is termed the vestibule, and that which
contains the semicircular canals, the dony semicircular canals.
Furthermore, it has already been seen that the scala media is
contained in a spirally-coiled chamber, the cocklea, which it
divides into two passages. Of these, onc, the scala vestibuli,
is 80 called because it opens directly into the vestibule; and
hence it is that the perilymph fills these scale as well as the
vestibule and semicircular canals, the whole being placed in
communication by the wide aperture which leads from the
vestibule into the scala vestibuli.

In the fresh state, the bony labyrinth, as this collection of
cavities in the petrous bone is termed, is perfectly closed; but
in the dry skull there are two wide openings, termed fenestre,

Fia. S0.

Transverse section through the side walls of the skull to show the parts of the ear.—
Co. Concha or external ear; E.M, external auditory meatus; 7y.3. tympanic
membrane ; Jne, Mall. incus and malleus; 4.8.C.,E.8.C,, P.8.C. anterior, posterior,
and external semicircular canals; Coc. cochlea; Eu. Eustachian tube; LM. in-
ternal auditory meatus, through which the auditory nerve passes to the organ of

earing. ) )
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or windows, on its outer wall, Of these fenestra, one, termed
ovalis (the oval window), is situated in the wall of the ves-
tibular cavity ; the other, rotunda (the round window), behind
and below this, is the open cnd of the scala cocklee. In the
fresh state, cach of these windows, or fenestre, is closed by
a fibrous membrane continuous with the periosteum of the
bone.

The fenestra roturnda is closed only by membrane; but
fastened to the centre of the fenestra ovalis, so as to leave only
a narrow margin, is an oval plate of bone, the base of the stapes
or stirrup-bone. “

254. Tympanum and Eustachian Tube.—The outer wall
of the-bony labyrinth is still far away from the exterior of the
skull. Between it and the visible opening of the ear, in fact,
are placed in a straight line, first, the drum of the ear, or
tympanum ; secondly, the long cxternal passage, or meatus
(Fig. 80).

The drum of the car and the cxternal meatns would form
one cavity, were it not that a delicate membrane, the tympanic
membrane (7. M.), is tightly stretched in an oblique direc-
tion, across the passage, so as to divide the comparatively
small cavity of the drum from the meatus, .

The membrane of the drum thus prevents any communica-
tion between the drum and the cxterior, by means of the me-
atus, but such a communication is provided, though in a round-
about way, by the Eustachian tube (Zu. Fig. 80), which leads
directly from the fore part of the drum inward .to the roof of
the pharynx, where it opens.

255. The Auditory Ossicles.—Three small bones, the au-
ditory ossicles, lic in the cavity of the tympanum, One of these
is the stapes, a small bone shaped like a stirrup. The foot-
plate of this bone is, as already mentioned, firmly fastened to
the membrane of the fenestra ovalis, while its hoop projects
inward 1into the tympanic cavity (Fig. 82).

‘Another of these bones is the malleus (Mall. Figs. 80, 82),
or hammer—bogc, a long process of which is similarly fastened
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to the inner side of the tympanic membrane (Fig. 81). The
rounded surface of the head of the malleus fits into a corre-
sponding pit in the other end of the third bone, the incus or
anvil-bone, which has two processes—one, horizontal, which
rests upon a support afforded to it by the walls of the tympa-
num ; while the other, vertical, descends almost parallel with
the long process of the malleus, and articulates with the stapes,
or rather with a little bone, the os orbiculare which is united
with the stapes (Figs. 81, 82).

Fia. 81.

The membranc of the drum of the ear seen from the inner side, with the small bones
of the car: and the walls of the tympanum, with the air-cells in the mnastoid part
of the temporal bone.—AL C. Mastoid cells; Mall. malleus; Ine. incus; St
stapes; a b, lines drawn thiough the horizontal axis on which the malleas and
incus turn. .

The three bones thus form a chain between the fenestra
ovalis and the tympanic membrane; and the whole scries
turns upon a horizontal axis, the two ends of which, formed
by the horizontal process of the incus and the slender pro-
cess of the malleus, rest in the walls of the tympanum.
The general direction of this axis is represented by the
line @ b in Fig. 81, or by a line perpendicular to the plane
of the paper, passing through the head of the malleus in Fig.
82. It follows, therefore, that whatever causes the membrane
of the drum to vibrate backward and forward, must force the
bandle of the malleus to travel in the same way. This must
cause a corresponding motion of the long process of the incus,
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the end of which must drag the stapes backward and forward.
And, as this is fastened to the membrane of the fenestra ovalis,
which is in contact with the perilymph, it must set this fluid
vibrating throughout its whole extent, the thrustings in of the

Fia. 82

A diagram illnstrative of the relative positions of the various parts of the ear.— £, M,
external auditory meatuns; Zy. AL t}mpanlc membrane; 7. tympanum ; Ml
mallens; Ire. incus; S‘?) stapes; J.o. fenestra ovalis; ¥, ». fencstra rotunda;
Eu. Eustachian tnbe, M. L. membranous Iul'?yrlnth, only one semicircalar cansl
with its lla bel Sea. V., Sca. T., Al the scale of the

ing repr 1;
cochlea, which is supposed .t’o be unrolled.

membrane of the fenestra ovalis being compensated by cor-
responding thrustings out of the membrane of the fenestra
rotunda, and vice versd.

The vibrations of the perilymph thus produced will affect
the endolymph, and this the otolithes; by which, finally, the
auditory nerves will be excited.

256. The Muscles of the Tympanum.—The membrane of
the fenestra ovalis and the tympanic membrane will necessarily
vibrate the more frecly the looser they are, and the reverse.
But there are two muscles—one, called the stapedius, which
passes from the floor of the tympanum to the orbicular bone,
and the other, the tensor tympani, from the front wall of the
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drum to the malleus, Each of the muscles when it contracts
tightens the membranes in question, and restricts their vibra-
tions; or, in other words, tends to check the effect of any
cause which sets these membranes vibrating.

257. The Concha.—The outer extremity of the external
meatus is surrounded by the concha or external ear (Fig. 80,
Cbo.), a broad, peculiarly-shaped, and, for the most part, carti-
laginous plate, the general plane of which is at right angles
with that of the axis of the auditory opening. The concha can
be moved in various directions by muscles which pass to it
from the side of the head.

Sgcrion IV.— Working of the Auditory Mechanism,

258. Nature of Sound.—The manner 1 which the com-

plex apparatus now described intermediates between the physi-
cal agent, which is the condition of the sensation of sound, and
the nervous expansion, the affection of which alone can excite
that sensation, must now be considered.
Al bodies which produce sound are in a state of vibration,
and they communicate the vibrations of their own substance
to the air with which they are in contact, and thus throw that
air into waves, just as a stick waved backward and forward in
water throws the water into waves.

The aérial waves, produced by the vibrations of sonorous
bodies, in part enter the external auditory passage, and in part
strike upon the concha of the external ear and the outer sur-
face of the head. It may be that some of the latter impulses
are transmitted through the solid structure of the skull to the
organ of hearing; but before they reach it they must, under
ordinary circumstances, have become 8o scanty and weak, that
they may be left out of consideration,

The aérial waves which enter the meatus all impinge upon
the membrane of the drum and set it wibrating, stretched
membranes taking up vibrations from the air with great readi-
ness,
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259. Vibrations of the Tympanum.—The vibrations thus
set up in the membrane of the drum are communicated, in
part, to the air contained in the drum of the ear, and, in part,
to the malleus, and thence to the other auditory ossicles,

The vibrations communicated to the air of the drum im-
pinge upon the inner wall of the tympanum, on the greater
part of which, from its density, they can produce very little
effcct. Where this wall is formed by the membrane of the
Jenestra rotunda, however, the communication of motion must
necessarily be greater.

The vibrations which are communicated to the malleus and
the chain of ossicles may be of two kinds: vibrations of the
particles of the bones, and vibrations of the bones as a whole.
If a beam of wood, freely suspended, be very gently scratched
with a pin, its particles will be thrown into a state of vibra-
tion, as will be evidenced by the sound given out, but the
beam itself will not be moved. But, if a strong wind blow
against the beam, it will swing visibly, without any vibrations
of its particles among themselves. On the other hand, if the
beam be sharply struck with a hammer, it will not only give
out a sound, showing that its particles are vibrating, but it will
also swing, from the impulse given to its whole mass.

Under the last-mentioned circumstances a blind man stand-
ing near the beam would be conscious of nothing but the
sound, the product of molecular vibration, or invisible oscilla-
tion of the particles of the beam; while a deaf man, in the
same position, would be aware of nothmg but the visible oscll-
lation of the beam as & whole.

260. Their Transmission.—Thus, to return to the chain
of auditory ossicles, while it seems hardly to be doubted that,
when the membrane of the drum vibrates, they are set vibrat-
ing both as a whole and in their particles, it depends upon
subsidiaty arrangements whether the large vibrations, or the
minute ones, shall make themselves obvious to the auditory
nerve, which is in the position of our deaf, or blind, man.

The evidence at present is in favor of the conclusion, that
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it is the vibrations of the bones, as a whole, which are the
chicf agents in transmitting the impulses of the aérial waves.

For, in the first place, the disposition of the bones and the
mode of their articulation are very much against the trans-
mission of molecular vibrations through their substance, while,
on the other hand, they are extremely favorable to their vi-
bration en masse. The long processes of the malleus and
incus'swing, like a pendulum, upon the axis furnished by the
short processes of these bones; while the mode of connection
of the incus with the stapes, and of the latter with the edges
of the fenestra ovalis, allows of free play, inward and outward,
to that bone. And, in the second place, it is affirmed, as the
result of experiments, that the bone called columella, which, in
birds, takes the place of the chain of ossicles in man, does
actually vibrate as a whole, and at the same rate as the mem-
brane of the drum, when aérial vibrations strike upon the latter.

261. The Action of the Auditory Muscles—Thus, there
is reason to believe that when' the tympanic membrane is set
‘vibrating, it causes the process of the malleus, which is fixed
to it, to swing at the same rate; the head of the malleus con-
sequently turns through a small arc on its pivot, the slender
process. But the turning of the head of the malleus involves
that of the head of the incus upon its pivot, the short process.
In consequence, the long process of the incus swings through
an arc as nearly as possible equal to that described by the
handle of the malleus. But the long process is so fixed to the
stapes that it cannot vibrate without, to a corresponding ex-
tent and at the same rate, pulling this out of, and pushing it
in to, the fenestra ovalis. But every pull and push imparts a
corresponding set of shakes to the perilymph, which fills the
bony labyrinth and cochlea, external to the membranous laby-
rinth and scala media, These shakes are communicated to the
endolymph and fluid of the scala media, and, by the help of
the otolithes and the fibres of Corti, are finally converted into
impulses, which act as irritants to the ends of the vestibular
and cochlear divisions of the anditory nerve.
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262, Intensity and Quality of Sounds—how diserim-
inated.—The difference between the functions of the mem-
branous labyrinth (to which the vestibular nerve is distributed)
and those of the cochlea are, perhaps, not quite so certainly
made out, but the following conclusions are highly probable:

The membranous labyrinth is an apparatus whereby sounds
are appreciated and distinguished according to their intensity
or quantity ; but it does not afford any means of discriminating
their qualities. The vestibular nerve tells us that sounds are
low or loud, but gives us no impression of tone, or melody, or
harmory. _ .

- Thé cochles, on the other hand, discriminates the quality
rather than the quantity or intensity of sound. There is great
reason to believe that the excitement of any single filament of
the cochlear nerve gives rise, in the mind, to a distinct musical
impression; and that every fraction of a tone which a well-
trained ear is capable of distinguishing, is represented by its
separate nerve-fibre. Thus, the scala media resembles a key-
board, in function, as well as in appearance, the fibres of Corti
being the keys, and the ends of the nerves representing the
strings which the keys strike. If it were possible to irritate
each of these nerve-fibres experimentally, we should be able to
produce any musical tone, at will, in the sensorium of the per-
son experimented upon, just as any note on a piano is pro-
duced by striking the appropriate key.

263. Probable Function of the Fibres of Corti.—A tuning-
fork may be set vibrating, if its own particular note, or one
harmonic with it, be sounded in its neighborhood. In other
words, it will vibrate under the influence of a particular set of
vibrations, and no others. If the vibrating ends of the tuning-

_fork were so arranged as to impinge upon a nerve, their re-
peated minute blows would at once excite this nerve.

Suppose that of a set of tuning-forks, tuned to every note and
distinguishable fraction of a note in the scale, one were thus
connected with the end of every fibre of the cochlear nerve;
then any vibration communicated to the perilymph would
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affect the tuning-fork which could vibrate with it, while the.
rest would be absolutely, or relatively, indifferent to that vibra-
tion. In other words, the vibration would give rise to the
sensation of one particular tone, and no other, and every mau-
sical interval would be represented by a distinct impression on
the sensorium. -

It is believed that the fibres of Corti are competent to per-
form the function of such tuning-forks; that each of them is
set vibrating to its fall strength by a particular kind of wave
sent through the perilymphb, and by no other; and that each
affects a particular fibre of the cochlear nerve only.

The fibres of the cochlear nerve may be excited by internal
cauaes, such as the varying pressure of the blood and the like.
And in some persons such internal influences do give rise to
veritable musical spectra, sometimes of a very intense character.
Baut for the appreciation of music produced external to us, we
depend upon the intermediation of the scala media and its
Cortian fibres. ,

264. Function of the Tympanic Muscles and Eustachian
Tube.—It has already been explained that the stapedius and
tensor tympani muscles are competent to tighten the membrane
of the fenestra ovalis and that of the tympanum, and it is
probable that they come into action when the sonorous im-
pulses are too violent, and would produce too extensive
vibrations of these membranes. They therefore tend to mod-
erate the effect of intense sound, in much the same way that,
as we shall find, the contraction of the circular fibres of the
iris tends to moderate the effect of intense light in the eye.

The function of the Eustachian tube is, probably, to keep
the air in the tympanum, or on the inner side of the tympanic
membrane, of about the same tension as that on the outer side,
which could not always be the case if the tympanum were a
closed cavity.
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CHAPTER X.
THE ORGAN OF SIGHT.

SecrioN IL.—Structure and Action of the Retina.

265. General Structure of the Eye.—In studying the
organ of the sense of sight, the eye, it is needful to become
acquainted, firstly, with the sensory expansion in which the
optic nerve terminates, and its properties; secondly, with the
physical agent of the sensation ; thirdly, with the intermediate
apparatus by which the physical agent is enabled to act upon
the nervous expansion.

The ball of the eye is a globular body, moving freely in a
chamber, the orbit, which is furnished to it by the skull. The
optive nerve, the root of which is in the brain, leaves the skull
by a hole at the back of the orbit, and enters the back of the
globe of the eye, not in the middle, but on the inner, or nasal,
side of the centre. It then spreads out on the inner surface
of the wall of the globe of the eye into a very delicate layer,
varying in thickness from g;th of an inch to less than half that
amount, which is termed the retina. This retina is the only
termination of sensory nervous fibres which can be affected,
by any agent, in such a manner as to give rise to the sensa-
tion of light.

266. The Surface of the Retina.—If the globe of the eye
be cut in two, transversely, so as to divide it into an anterior
and a posterior half, the retina will be seen lining the concave
wall of the posterior half as a membrane of great delicacy, and,
for the mosat part, of even texture and smooth surface. But,
exactly opposite the middle of the posterior wall it presents a
slight circular depression of a yellowish hue, the macula lutea,
or yellow spot; and at some distance from this, toward the
inner, or nasal, side of the ball, is a radiating appearance, pro-

o%
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duced by the entrance of the optic nerve and the spreading out
of its fibres into the retina.

267. Microscopic Structure of the Retina.—A vertical
section of the retina, in any region except the yellow spot and
the entrance of the optic nerve, presents the appearance repre-
sented in Fig. 83. On its inner side, @, it is bounded by a

6

a

Fie. 83.

A vertical section of the retina —a. The limiting membrane next to the vitreous
humor ; b, the layer of ganglionic corpuscles ; between these the fibres of the optic
nerve, which are cut across in this section, run; ¢, the inner layer of granules;
d, the outer layer of granules separated by the interyramdar layer. The in-
terval betwcen b and c is the finely-granular layer; e is the layer of rods and
cones in immediate contact with the choroid by their outer ends. The vessels
ramify between @ and ¢.  The fine vertical lines running through all the layers
from the concs and rods are the radial fibres, which spread out fan-wise as they
near the limiting membrane. The total thickness of the section here figured
does not exceed ;;th of an inch.

structurcless membrane, the limiting membrane, which separates
it from the vitreous humor, with which we shall hereafter be-
come acquainted. Externally it consists of a vast multitude of
minute, rod-like, and conical bodies, ranged side by side, per-
spendicularly to the plane of the retina. This is the layer of
rods and cones, and occupies about a quarter of the whole thick-
ness. From the inner ends of the rods and comes very deli-
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~cate radial fibres pass aud spread out into branches, which
are continued into the limiting membrane. Between the layer
of rods and cones and the limiting membrane, and interposed
between the radial fibres, are layers of granules d, ¢; while at
b there is a layer of ganglionic corpuscles with ramified pro-
cesses, It is of less importance to remember these circam-
stances, however, than the facts, that the fibres of the optic
nerve spread out between the limiting membrane () and the
ganglionic corpuscles (b); and that the vessels which enter
along with the optic nerve ramify between the limiting mem-
brane and the layer c. Thus, not only the nervous fibres, but
the vessels, are placed altogether in front of the rods and cones.

At the entrance of the optic nerve itself the nervous fibres
predominate, and the rods and cones are absent. In the yel-
low spot, on the contrary, the cones are abundant and close
set, without the interposition of rods, and the nervous fibres
disappear.

268. The Sensation of Light.—The most notable property
of the retina is its power of converting the vibrations of cther,
which constitate the physical basis of light, into a stimulus to
the fibres of the optic nerve—which fibres, when excited, have
the power of awakening the sensation of light in, or by means
of, the brain. The sensation of light, it must be understood, is
the work of the brain, not of the retina; for if an eye be de-
stroyed, pinching, galvanizing, or otherwise irritating the optic
nerve, will still excite the sensation of light, because it throws
the fibres of the optic nerve into activity; and their activity,
however produced, brings about in the brain certain changes
which give rise to the sensation of light.

Light, falling on the optic nerve, does not excite it ; the
fibres of the optic nerve, in themselves, are as blind as any
othei part of the body. But just as the delicate filaments of
the ampull®, or the otoconia of the vestibular sac, or the Cor-
tian fibres of the cochlea, are contrivances for converting the
delicate vibrations of the perilymph and endolymph into
impulses which can excite the auditory nerves, so the struc-
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tures in the retina appear to be adapted to convert the infinitely
more dclicate pulscs of the luminiferous ether into stimuli of
the fibres of the optic nerve.

269. The “Blind Spot.”—The sensibility of the different
parts of the retina to light varies very greatly. The point of
entrance of the optic nerve is absolutely blind, as may be proved
by a very simple experiment. Close the left eye, and look
steadily with the right at the cross on the page, held at ten or
twelve inches’ distance.

ok )

The black dot will be seen quite plainly, as well as the cross.
Now, move the book slowly toward the eye, which must be
kept steadily fixed upon the cross; at a certain point the dot
will disappear, but as the book is brought still closer it will
come into view again. It results from optical principles that,
in the first position of the book, the figure of the dot falls be-
tween that of the cross (which throughout lies upon the yellow
spot) and the entrance of the optic nerve ; while, in the second
position, it falls on the entrance_ of the optic nerve itself; and,
m the third, inside that point. So long as the image of the
spot rests upon the entrance of the optic nerve it is not per-
ceived, and hence this region of the retina is called the blind
$pot. -

270. Duration of Luminous Impressions—The impres-
sion made by light upon the retina is not merely cocxistent
with the time the light affects it, but has a certain duration of
its own, however short the time during which the light itself
lasts. A flash of lightning is, practically, instantaneous, but
the sensation of light produced by that flash endures for an
appreciable period. It is found, in fact, that a luminous im-
pression lasts for about one-eighth of a second ; whence it fol-
Jows, that if any two luminous impressions are separated by a
less interval, they are not distinguished from one another.

- .For this reason a “Catherine-wheel,” or a lighted stick
turned round very rapidly by the hand, appears as a circle of
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fire; and the spokes of a coach-wheel at speed are not sepa-
rately visible, but only appear as a sort of opacity, or film,
within the tire of the wheel.

271. Exhaustion of the Retina.—The excltabﬂlty of the
retina is readily exhausted. Thus, looking at a bright light
rapidly renders the part of the retina on which the light falls,
insensible ; and ou looking from the bright light toward a
moderately-lighted surface, a dark spot, arising from a tempo-
rary blindness of the retina in this part, appears in the field of
view. If the bright light be of one color, the part of the retina
on which it falls becomes insensible to rays of that color, but
not to the other rays of the spectrum. - This is the explanation
of the appearance of what are called complementary colors.
For example, if a bright-red wafer be stuck upon a sheet of
white paper, and steadily looked at for some time with one eye,
when the eye is turned aside to the white paper, a greenish
spot will appear of the size and shapc of the wafer. The red
image has, in fact, fatigued the part of the retina on which it
fell for red light, but has left it sensitive to the remaining colored
rays of which white light is composed. So that, when white
light falls upon this part, the red rays in the white light have no
effect, and the result of the operation of the others is a greenish
hue. If the wafer be green, the compleméntary image, as it is
called, is red.

272. Color Blindness.—In some persons the retina appears
to be affected in one and the same way by rays of light of
various colors, or even of all colors. Such color-blind persons
are ucable to distinguish between the leaves of a cherry-tree
and its fruit by the color of the two, and see no difference be-
tween blue and yellow cloth.

This peculiarity, which is simply unfortunate for most per-
sons, but may be dangerous if unknowingly possessed by rail-
way guards or sailors, may arise ecither from a defect in the
retina, which renders it unable to respond to different kinds of
Tuminous vibrations, or it may proceed from some unusual
absorptive power of the humors of the eye.
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278.- Luminous Effects of Pressure on the Eye.—The
sensation ‘of light may be excited by other causes than the im-
pact of the vibrations of the luminiferous ether upon the retina.
Thus, an electric shock sent through the eye gives rise to an
apparent flash of light ; and pressure on any part of the retina
produces a luminous image, which lasts as long as the pressure,
and is called a phosphene, If the point of the finger be pressed
upon the outer side of the ball of the eye, a luminous image is
seen—which, in my own case, is dark in the centre, with a
bright ring at the circumference (or as Newton described it,
like the “eye” in-a peacock’s tail}—and this image lasts as
long as the pressure is continued. -Most persons, again, have
experienced the remarkable display . of subjective fireworks
which follows a heavy blow upon the eyes, produced by a fall
from a horse, or by other methods well known to English youth.

It is doubtful, however, whether these effects of pressure, or
shock, really arise from the excitation of the retina proper, or
whether they are not rather the result of the violence done to
the fibres of the optic nerve apart from the retina.

274. Funection of the Rods and Cones.—The last para-
graph raises a' distinction between the ¢fibres of the optic
nerve,” and the “retina” which may not have been anticipated,
but which is of much importance.

We have seen that the fibres of the optxc nerve ramlfy in
the inner fourth of the thickness of the retina, while the layer
of rods and cones forms its outer fourth. The light; therefore,
must fall first upon the fibres of the optie nerve, and, only after
traversing- them, can it reach the rods and cones. Conse-
quently, if the fibrille of .the optic nerve themselves are capa-
ble of being affected by light, the rods and cones.can only be
some sort of suppleméntary optical apparatus. But, in fact, it
is the rods and-eones which- are affected by light, while the
fibres of the optic nerve are themselves insensible to it. The
ewdence on which this statement rests is— -

- a. The blind spot. is full of- nervols, ﬁbx-es, but has no cones
or rods. . :
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b.. The ycllow spot, where the most acute vision is situated,
is full of close-set cones, but has no nerve fibres.

¢. If you go into a dark room with a single small bnght
candle, and looking toward a dark wall, move the light up and
down, close to the outer side of one eye, s0 as to allow-the
light to fall very obliquely into the eye, one of what are called
Purkinje's figures is seen. This is a vision of a series of
diverging, branched, red lines on a dark field, and in the inter-
space of two of these lines is a sort of cup-shaped disk. The
red lines are the retinal blood-vessels, and the disk is the yellow
spot. As the candle is moved up and down the red lines shift
their position, as shadows do when the light which thmws
them changes its place. .

Now, as the light falls on the inner face of the retina, and
the images of the vessels to which it gives rise shift their posi-
tion as it moves, whatever perceives these images must needs
lie on the other, or outer, side of the vessels, But the fibres
of the optic nerve lie among the vessels, and the only retinal
structures which lie outside them are the granular layers and the
rods and cones. .

Just as, in the skin, there is a limit of distance within which
two points give only one impression ; s0 there is a minimum
distance by which.two points of light falling on the retina must
be separated in order to appear as two. And this distance
corresponds pretty well with the diameter of the cones.

Thus it would appear that these remarkable structures, set
upon the outer surface of the retina, with their cnds turned
toward the light, are like so manyfinger-points, endowed with
a touch delicate enough to feel the luminous vibrationa,

SecrioN 1I.—The Luminous Agent.

275. The Convex Lens.—The physical agent which gives
rise to vision is light, which is now conceived to be a very
attenuated fluid, the ether, vibrating in a particular way. The
properties of this physical agent and the principles of optics
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must be studied elscwhere. At present it is only necessaty to
advert to some facts, of which every one can assure himself by
simple experiments. An ordinary spectacle glass is a trans-
parent body denser than the air, and convex on both sides,
If this lens be held at a certain distance from a screen or wall
in a dark room, and a lighted candle be placed on the oppo-
site side of it, it will be easy to adjust the distances of candle,
Jens, and wall, so that an image of the flame of the candle, up-
side down, shall be thrown upon the wall,

276. Formation of the Luminous Picture.—The spot on
which the image is formed is called the focus. If the candle
be now brought nearer to the lens, the image on the wall will
enlarge, and grow blurred and dim, but may be restored to
‘brightness and definition by moving the lens farther from the
wall. But if, when the new adjustment has taken place, the
candle be moved away from the lens, the image will again be-
.come confused, and the lens will have to be brought nearer the
wall to restore its clearness.

Thus a convex lens forms a distinct picture of luminous
objects, but only at its focus; and that focus is nearer when the
object is distant, and farther off when it is near.

277. Effect of varying the Convexity.—Suppose, how-
ever, that, leaving the candle unmoved, a lens with more con-
vex surfaees is substituted for the first, the image will be blurred,
and the lens will have to be moved nearer the wall to give it
definition. * And if, on the other hand, a lens with less convex
surfaces is substituted for the first, it must be moved farther
from the wall to attain the same end.

In other words, other things being alike, the more convex
the lens the nearer its focus; the less convex, the farther off its
focus. : :

If the lens were elastic, pulling it at the circumference
would render it flatter, and thereby lengthen its focus; while,
‘when let go again, it would become more convex, and of shorter
focus.

Any naterial more refractive than the medium in which it
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is placed, if it have a convex surface, causes the rays of light
which pass through the less refractive medium to that surface
to converge toward a focus. If a watch:glass be fitted into
one side of a box, and the box be then filled with water, a
candle may be placed at such a distance outside the watch-
glass, that an image of its flame shall fall on the opposite wall
of the box. If, under these circumstances, a doubly convex
lens of glass were introduced into the water in the path of the
rays, it would act (though less powerfully than if it were in
air) in bringing the rays more quickly to a focus, becanse glass
refracts light more strongly than water does.

A camera obscura is a box, into one side of which a lens is
fitted, so as to be able to slide in and out, and thus throw dis-
tinct images of bodies, at various distances, on the scrcen at
the back of the box. Hence the arrangement just described
might be termed a water camera.

Secrion IIL.—The Intermediate Apparatus.

278. The Visual Mechanism.—The intermediate organs,
by means of which the physical agent of vision, light, is en-
abled to act upon the expansion of the optic nerve, comprise
three kinds of apparatus: (z) A “water camera,” the eyeball ;
(%) muscles for moving the eyeball; (c) organs for protecting
the eyeball, viz, the eyelids, with their lashes, glands, and
mauscles; the conjunctiva; and the lachrymal gland and its
ducts,

The eyeball is composed, in the first place, of a tough, firm,
spheroidal case consisting of connective tissue, the greater part
of which is white and opaque, and is called the sclerotic (Scl.
Fig. 84). In front, however, this fibrous capsule of the cye,
though it does not change its cssential character, becomes
transparent, and receives the name of the cornea (Cn. Fig. 84).
The corneal portion of the case of the eyeball is more convex
than the sclerotic portion, so that the whole form of the ball
is such as would be produced by cutting off a segment from
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the front of a spheroid of the diameter of the sclerotic, and
replacing . this by a segment cut from a smaller, and conse-
quently more convex, sphere.

279. The Humors and crystallme Lens.—The corneo-
sclerotic case of the eye is kept in shape by what are termed
the Aumors—watery or semi-fluid substances, one of which,
the aqueous humor, distends the cerneal chamber of the eye,
while the other, the vitreous, keeps the sclerotic chamber full.

The two humors are separated by the very beautiful, trans-
parent, doubly convex crystalline lens (Cry. Fig. 84), denser
and capable of refracting light more strongly, than cither of
the humors. The crystalline lens is composed of fibres having
a somewhat complex arrangement, and is highly elastic. It is
more convex behind than in front, and it is kept in place by a
delicate, but at the same time strong and elastic, membranous
frame or suspensory ligament, which extends from' the edges
of the lens to what are termed the ciliary processes of the cho-
roid coat.

280. The Choroid and Ciliary Processes.—This chorotd
coat ( Ch. Fig. 84) is a highly vascular membrane, in close con-
tact’ with the sclerotic externally, and lined, internally, by a
layer of small polygonal bodies containing much pigmentary
matter, called pigment-cells. These pigment-cells are separated
from the vitreous humor by the retina only. The rods and
cones of the latter are in immediate contact with them. The
choroid lines every part of the sclerotic, except where the op-
tic nerve enters it, at a point below, and to the inner side of
the centre of the back of the eye; but when it reaches the
front part of the sclerotic its inner surface becomes raised up
into a number of longitudinal ridges, with intervening depres-
sions, terminating within and in front by rounded ends, but
passing, externally, into the iris; These ridges are the ciliary
processes (C.p. Fig. 84).

281. The Iris and Ciliary Muscle. —The iris 1tself
(Ir. Fig. 84) is, as has already been said, a curtain with a
round hole 1n the middle, provided with circular and radiating
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unstriped muscular fibres; and capable of having its central
aperture enlarged or diminished by the action of these fibres,
the contraction of which is extremely rapid. The edges of the
iris are firmly connected with the capsule of the eye, at the
junction of the cornea and sclerotic, by the connective tissue
which enters into the composition of the so-called ciliary lig-
ament. Unstriped muscular fibres, having the same attach-

ment in front, spread backward on to the outer surface of the’

choroid, constituting the ciliary muscle (Cm. Fig. 84). If
these fibres contract, it is obvious that they will pull the
choroid forward ; and, as the .frame, or suspensory ligament,
of the lens is connected with the ciliary processes (which
simply form the anterior termination of the choroid), this pull-
ing forward of the choroid comes to the same thing as a relax-
ation of the tension of that suspensory ligament, which, as I
have just said, like the lens itself, is highly elastic.

The iris does not hang down perpendicularly into the
space between the front face of the crystalline lens and the
posterior surface of the cornea, which is filled by the aqueous
humor, but applies itself very closely to the anterior face of the
lens, so that hardly any space is left between the two (Figs.
84, 85).

SectioN IV.—Focal Adjustment.

282. The Iris a Self-regulating Diaphragm.—The eye-
ball, the most important constituents of which have now been
described, is, in principle, 8 camera of the kind described
above—a water camera. That is to say, the sclerotic answers
to the box, the cornea to the watch-glass, the aqueous and vitre-
ons humors to the water filling the box, the crystalline to the
glass lens, the introduction of which was imagined. -The back
of the box corresponds with the retina.

But further, in an ordinary camera obscurs, it is found de-
sirable to have what is termed a diaphragm (that is, an opaque
plate with a hole in its centre) in the path of the rays, for the

o
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purpose of moderating the light and cutting off the marginal
rays which, owing to certain optical properties of spheroidal
surfaces, give rise to defects in the image formed at the focus,

In the eye, the place of this diaphragm is taken by the
iris, which has the peculiar advantage of being self-regulating ;

Fia. 84.
Horlzontal section of the eyeball.—Scl The sclerotic coat; Cn. the cornea; R. the at-
tach s of the tendons of the recti muscles; Ch. the cheroid; C.p. the ciliary

processes; C.m. the ciliary muscle; Jr. the iris; 4q. the aqueous humor: A
the crystalline lens; VY. the vitreous humor; R% the retina; Op. the optic nerve;

L. ﬂl.-the}el]ow spot. ' The section has passed through a ciliary process on the left
side, and between two cillary processes on the right.

dilating it aperture and admitting more light when the light
is weak ; but contracting its aperture and admitting less light
when the illumination is strong.

283. Necessity of Adjustment.—In the water camera, con-
structed according to the description given above, there is the
defect that no provision exists for adjusting the focus to the
varying distances of objects. If the box were so made that its
back, on which the image is supposed to be thrown, received
distinct images of very distant objects, all near ones would be
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indistinct. And if, on the other hand, it were fitted to receive
the image of near objects, at a given distance, those of either
nearer, or more distant, bodies would be blurred and indis-
tinct. In the ordinary camera this difficulty is overcome by
sliding the lenses in and out, a process which is not compatl-
ble with the construction of our water camera. But there is
clearly one way, among many, in which this adjustment might
be cffected—namely, by changing the glass lens; putting in a
less convex one when more distant objects had to be pictured,
and a more convex one when the images of nearer objects were
to be thrown upon the back of the box.

But it would come to the same thing, and be much more
convenient, if, without changing the lens, one and the same
lens could be made to alter its convexity. This is ‘actually
what is done in the adjustment of the eye to distances. ;

284, Experiment — Adjustment requires Effort.—The
simplest way of experimenting on the adjustment of the eye is
to stick two stout needles upright into a straight piece of wood,
not exactly, but nearly in the same straight line, so that, on
applying the eye to one end of the piece of wood, one needle
{a) shall be seen about six inches off, and the other (5) just on
one side of it at twelve inches’ distance. -

If the observer look at the needle b he will find tbat he sees
it very distinetly, and without the least sense of effort; but the
image of a is blurred and more or less double. Now, let him
try to make this blurred image of the needle a distinct. He
will find he can do so readily enough, but that the act is ac-
companied by a sense of fatigne. And furthermore, in pro-
portion as a becomes distinct, 4 will become blurred. Nor
“will any effort cnable him to see @ aud b distinctly at the same
time.

285. The Mechanism of Adjustment explained.—Mul-
titudes of explanations have been given of this remarkable
power of adjustment, but it is only within the last few years that
the problem has been solved, by the accurate determination of
the nature of the changes in the eye which accompany the act.
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When the flame of a taper is held near, and a little on one side
of, a person’s eye, any one looking into the eye from a proper
point of view will see three images of the flame, two upright
and one inverted. One upright image is reflected from the
front of the cornea, which acts as a convex mirror. The second
proceeds from the front of the crystalline lens, which has the
same effect ; while the inverted image proceeds from the pos-
terior face of the lens, which, being convex baeckward, is, of
course, concave forward, and acts as a concave mirror.

. Suppose the eye to be steadily fixed on a distant object,
and then adjusted to a near one in the same line of vision, the
position of the ball, of course, remains unchanged. Further-
more, the upright image reflected from the surface of the cor-
nea, and the inverted image from the back of the lens, remain
unchanged, though it is demonstrable that their size or appar-
ent position must change if either the cornea, or the back of
the lens, alter either their form or their position. But the
second upright image, that reflected by the front face of the
lens, changes both its size and its position; and that in such a
manner as to prove that the front face of the lens has become
more convex. The change of form of the lens is, in fact, that
represented in Fig. 85.

Fia. 8.
IMustrates the change in the form of theb;en:& when adjusted—A to distant, B to near
objee

These may be regarded as the facts of adjustment with
which all explanations of that process must accord. They at
once exclude the hypotheses (1) that adjustment is the result
of the compression of the ball of the eye by its muscles, which
would cause a change in the form of the cornea; (2) that ad-
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justment results from a shifting of the lens bodily, for its
hinder face does not move; (3) that it results from the pres-
sure of the iris upou the front face of the lens, for under these
circumstances the hinder face of the lens would not remain
stationary. This last hypothesis is further negatived by the
fact that adjustment takes place equally well when the iris is
absent. ' : .

Oue other explanation remains, which is, in all probability,
the true one, though not altogether devoid of difficulties. The
lens, which is very elastic, is kept habitually in a state of ten-
sion by the elasticity of its suspensory ligament, and conse-
quently has a flatter form than it would take if left to itself. If
the ciliary muscle contracts, it must, as has been seen, relax
that hgament, and thereby diminish its elastic tension upon
the lens. The lens, consequently, will become more convex,
returning to its former shape when the ciliary muscle ceases to
contract, and allows the choroid to return to its ordinary
place.

If this be the truc explanation of adjustment, the sense of
effort we feel must arise from the contraction of the ciliary
mauscle.

286. Limits of the Power of Adjustment.—Adjustment
can take place only within a certain range, which admits of
great individual variations. As a rule, no object which is
brought within less than about ten inches of the eye can be
seen distinctly without effort.

But many persons are born with the surface of the cornea
more convex than usual, or with the refractive power of the
eye increased in some other way; while, very generally, as age
draws on, the cornea flattens. In the former case, objects at
ordinary distances are seen indistinctly, because these images
fall not on the retina, but in front of it; while, in the latter,
the same indistinctness is the result of the rays of light striking
upon the retina before they have been brought to afocus. The
defect of the former, or short-sighted people, is amended by
wearing concave glasses, which cause the rays to diverge; of



216 ELEMENTARY PHYSIOLOGY.

the latter, or long-sighted people, by wearing convex glasses,
which make the rays converge.

Section V.—Appendages of the Eyeball.

287. Action of the Muscles of the Eyeball.—The muscles
which move the eycball are altogether six in number—four
straight muscles, or recti, and two oblique muscles, the obligus.
The straight muscles arc attached to the back of the orbit,
round the edges of the hole through which the optic nerve
passes, and run straight forward to their insertions in the
sclerotic—one, the superior rectus, in the middle line above;
one, the inferior, opposite it below ; and one half way on cach
side, the ezternal and internal recti. The eyeball is corpletely
imbedded in fat behind and laterally; and these muscles turn

Ch. I
Fie. 86.
The muscles of the eyeball viewed from above and from the outer side.—& R. the
superior rectus; Jnf. R.the inferior rectus; E. R, the external rectus; Jn. R.
the internal rectus; & Ob. the superior oblique; In/. Ob. the inferior obliqu:li

Ch, the chissma of the optic nerves (IZ); III the third nerve which supplies
the muscles except the superior oblique and the external rectus.

it as on a cushion, the superior rectus inclining the axis of the
eye upward, the inferior downward, the external outward, the
internal inward.

The two oblique muscles are both attached on the outer
side of the ball, and rather behind its centre; and they both
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pull in a direction from the point of attachment toward the
inner side of the orbit—the lower, because it arises here; the
upper, because though it arises along with the recti from the
back of the orbit, yet after passiug forward, and becoming ten-
dinous at the upper and inner corner of the orbit, it passes
through a pulley-like loop of ligament, and then turns down-
ward and outward to its insertion. The action of the oblique
muscles is somewhat complicated, but their general tendency
. is to roll the eyeball on its axis and pull it a little forward and
inward.

288. The Eyelids.—The eyelids are folds of skin containing
thin plates of cartilage, and fringed at their edges with hairs,
the eyelashes, and with a series of small glands called Meibo-
mian. Circularly disposed fibres of striped muscle lie beneath
the integuments of the eyelids, and constitute the obicularis
muscle which shuts them. The upper eyelid is raised by a
special muscle, the levator of the upper lid, which arises at the
back of the orbit and runs forward to end in the lid.

The lower lid has no special depressor.

289. The Lachrymal Apparatus.—At the edge of the
cyelids the integument becomes continuous with a delicate,
vascular, and highly nervous mucous membrane, the conjunc-
tiva, which lines the interior of the lids and the front of the
eyeball, its cpithelial layer being even continued over the
cornea. 'The numerous small ducts of a gland which is lodged
in the orbit, on the outer side of the ball (Fig. 88), the lackry-
mal gland, constantly pour its watery secretion into the inter-
space between the conjunctiva lining the upper eyelid and that
covering the ball. On the inncr side of the eye is a reddish
fold, the caruncula lachrymalis, a sort of rudiment to the third
eyelid, which is to be found in many animals. Above and
below, the edge of each eyelid presents a minute aperture (the
punctum lachrymale), the opening of a small canal. The canals
from above and below converge and open into the lackrymal
sac, the upper blind end of a duct (Z. D.) which passes down
from the orbit to the nose, opening below the inferior turbinal

10 )
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bone (Fig. 53, ). It is throngh this system of canals that the
conjunctival mucous mewbrane is continuous with that of the

Fra. 8.
A front view of the eyo dissected to show—Ord., the orbicular muscle of the :zelkln

the pulley and insertion of the superior oblique, 8. Ob., and the inferior oblique
1077005 L. G. the Iachrymal gland: g K i

nose; and it is by them that the secretion of the lachrymal
canal is ordinarily carried away as fast as it forms.
Bat, under certain circumstances, as when the conjunctiva

Fre. 88.
A n'gn:trlzw 1;)1’ the eye, with the eyelids.—Lachrymal gland, Z. G., and Lachrymal
u .

is irritated by pungent vapors, or when painful emotions arise
in the mind, the secretion of the lachrymal gland exceeds the
drainage power of the lachrymal duct, and the fluid, accumu-
lating between the lids, at length overflows in the form of
tears,
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CHAPTER XL
SENSATIONS AND JUDGMENT.
Secrion L—Compound Sensations,

290. Our Sensations mostly Composite.—In explaining
the functions of the sensory organs, I have hitherto confined
mysclf to describing the means by which the physical agent of a
sensation is enabled to irritate a given sensory merve; and to
giving some account of the simple sensations which are thus
evolved.

Simple scnsations of this kind are such as might be produced
by the irritation of a single nerve fibre, or of several nerve
fibres by the same agent. Such are the sensations-of contact,
of warmth, of swcetness, of an odor, of a musical note, of white-
ness, or redness.

But very few of our sensations are thus simple. Most of
even those which we are in the habit of regarding as simple,
are really compounds of different sensations, or of scnsations
with ideas, or judgments. For example, in the preceding cases,
it is very difficult to separate the sensation of contact from the
judgment that something is touching us; of sweetness, from
the idea of something in. the mouth; of sound or light, from
the judgment that something outside us is shining, or sounding.

291. The Sensation of Smell the S8implest.—The sensa-
tions of smell are those which are least complicated by acces-
sories of this sort. Thus, particles of musk diffuse themselves
with great rapidity through the nasal passages, and give rise to
the sensation of a powerful odor. But beyond a broad notion
that the odor is in the nose, this sensation is unaccompanied
by any ideas of locality and direction. Still less does it give
rise to any conception of form, or size, or force, or of succes-
sion, or contemporaneity. If a man had no other sense than
that of smell, and musk were the only odorous body, he could
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have no sense of outness—no power of distinguishing between
the external world and himself.

292. Analysis of a Tactile Sensation.—Contrast this w1th
what may seem to be the equally simple sensation obtained by
drawing the finger along the table, the eyes being shut. This
act gives one the sensation of a flat hard surface outside one-
self, which appears to be just as simple as the odor of musk,
but is really a cowmplex stato of feeling compounded of

(a) Pure sensations of contact.

(5) Pure muscular sensations of two kinds—the one arising
from the resistance of the table, the other from the actions of
those muscles which draw the finger along.

(c) Ideas of the order in which these pure sensations succeed
ouc another.

(d) Comparisons of these sensations and their order, with
the recollection of like scnsations similarly arranged, which
bave been obtained on previous occasions. '

(¢) Recollections of the impressions of extension, flatness,
&c., made in the organ of vision when these previous tactile
and muscular sensations were obtained.

Thus, in this case, the only pure sensations are those of
contact and muscular action. The greater part of what we call
the gensation is a complex mass of present and recollected ideas
and judgments.

293. Complexity of the Notion of Roundness.—Should
any doubt remain that we do thus mix up our sensations with
our judgments into. one indistinguishable whole, shut the eyes
as before, and instead of touching the table with the finger,
take a round lead pencil between the fingers, and draw that
along the table. The “sensation ” of a flat hard substance will
be just as clear as before; and yet all that we touch is the
round surface of the pencil, and the only pure sensations we
owe to the table are those afforded by the muscular sense. -In
fact, in this case, our “sensation” of a flat hard surface is en-
tn-e]y a Judgment based upon what the muscular sense tells us
is going on in certain muscles.
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A still more striking case of the tenacity with which we
adhere to complex judgments, which we conceive to be pure
sensations, and are unable to analyze otherwise than by a pro-
cess of abstract reasoning, isafforded by our sense of roundness,

Any one taking a marble between two fingers will say that
he feels it to be a single round body ; and he will probably be
as much at a loss to answer the question how he knows that it
is round, as he would be if he were asked how he knows that
a scent is a scent, -

Nevertheless, this notion of the roundness of the marble is
really a very complex judgment, and that it is so may be shown
by a very simple experiment. If the index and middle fingers
be crossed, and the marble placed between them, so as to be in
contact with both, it is utterly impossible to avoid the belicf
that there are two marbles instead of one. Even looking at
the marble, and seeing that there is only one, does not weaken
the apparent proof derived from touch that there are two.*

The fact is, that our notions of singleness and roundness are,
really, highly complex judgments based upon a few simple sen-
. sations; and when the ordinary conditions of those judgments
are reversed, the judgment is also reversed.

With the index and middle fingers in their ordinary posi-
tion, it is of course impossible that the outer sides of each
should touch opposite surfaces of one spheroidal body. If, in
the natural and usual position of the fingers, their outer surfaces
simultaneously give us the impression of a spheroid (which it-
self is a complex judgment), it is in the nature of things that
there must be two spheroids. - But when the fingers are crossed
over the marble, the outer side of each finger is really in con-
tact with a spheroid; and the mind, taking no cognizance of
the crossing, judges in accordance with its universal expe-
rience that two spheroids, and not one, give rise to the sensa-
tions which are perceived.

* A ludicrous form of this e'xperlment is to apply the crossed fingers to the end
of the nose, when it at once appears double ; and, in spite of the absurdity of the con-
viction, the mind cannot expel it, 80 long as the sensations last.
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Skcrion IL—Delusions of Judgment.

294. There are no “Delusions of the Senses.”—Phenom-
ena of this kind are not uncommonly called delusions of the
senses ; but there is no such thing as a fictitious, or delusive,
scnsation. A sensation must exist to be a sensation, and if it
exists it is real and not delusive. But the judgments we form
respecting the causes and conditions of the sensations of which
we are aware, are very often erroneous and delusive enough ;
and such judgments may be brought about in the domain of
every sense, either by artificially contrived combinations of
sensations, or by the influence of unusual conditions of the
body itself. The latter give rise to what are called subjective
sensations.

Mankind would be subject to fewer delusions than they
are, if they constantly bore in mind their liability to false
judgments, due to unusual combinations, either artificial or
natural, of true sensations, Men say, “I felt,” “I heard,” “ I
saw” such and such a thing, when, in ninety-nine cases out of
a hundred, what they really mean is, that they judge that cer-
tain sensations of touch, hearing, or sight, of which they were
conscious, were caused by such and such things.

295. Bubjective Sensations.—Among subjective sensations
within the domain of touch are the feelings of creeping and
prickling of the skin which are not uncommon in-certain states
of the circulation. The subjective evil smells and bad tastes
which accompany some diseases are very probably due to
similar disturbances in the cxrcu]atxon of the sensory orgaus of
smell and taste.

Many persons are liable to what may be called auditory
spectra—music of various degrees of complexity sounding in
their ears, without any external cause, while they are wide
awake. I know not if other persons .are similarly troubled,
but in reading books written by persons with whom I am ac-
quainted, I am sometimes tormented by hearing the words
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pronounced in the exact. way in which these persons would
utter them, any trick or peculiarity of voice, or gesture, being,
also, very accurately reproduced. And I suppose that every
one. must have been startled, at times, by the extreme distinct-
ness with which his thoughts have embodied themselves in ap-
parent voices.

- The most ‘wonderful exemplifications of subjective sensa-
tion, however, are afforded by the organ of sight.

Any one who has witnessed the sufferings of a man labor-
ing under delirium tremens (s disease produced by excessive
drinking), from the marvellous distinctness of his visions, which
sometimes take the form of devils, sometimes of creeping ani-
mals, but almost always of something fearful or loathsome, will
not donbt the intensity of subjective sensations in the domain
of vision,

296. Remarkable Case of Delusive Appearances.—But
that illusive visions of great distinctness should appear, it is
not necessary for the nervous system to be thus obviously de-
ranged. People in the full possession of their faculties, and of
high intelligence, may be subject to such appearances, for
which no distinct cause can be assigned. The best illustration
of this is the famous case of Mrs. A. given by Sir David
Brewster, in his « Natural Magic,” the chief points of which I
proceed to quote :

“(1) The first illusion to which Mrs. A. was subject, was
one which affected only the ear. On the 21st of December,
‘1830, about half-past four in the afternoon, she was standing
near the fire in the hall, and on the point of going up to dress,
when she heard, as she supposed, her husband’s voice calling
her by name. ¢ y , come here! come to me!’ She
imagined that he was calling at the door to have it opened;
but upon going' there and opening the door, she was surpmed
to find no person there. Upon returning to the fire she again
heard the same voice calling out very distinctly and loudly,
¢ , come, come here!’ She then opened two other doors
of the same room, and upon seeing no person, she returned to
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the fireplace,  After a few moments she heard the same voice
still calling, ‘Come to me, come! come away!’ in a loud,
plaintive, and somewhat impatient tone; she answered as
loudly, ¢ Where are you? I don’t know where you are,’ still
imagining that he was somewhere in search of her; but re-
ceiving no answer, she shortly went up-stairs. .On Mr. A's
return to the house, about half an hour afterward, she inquired
why he called to her so often, and where he was, and she was of
course greatly surprised to learn that he had not been near the
house at the time. A similar illusion, which excited no par-
ticular notice at the time, occurred to Mrs. A. when residing at
Florence, about ten years before, and when she was in perfect
health, When she was undressing after a ball, she heard a
voice call her repeatedly by name, and she was at that time
unable to account for it. .

“(2) The next illusion which occurred to Mrs. A. was of a
more alarming character. On the 30th of December, about
four o’clock in the afternoon, Mrs. A. came down-stairs into
the drawing-room, which she had quitted only a few minutes
before, and on entering the room she saw her husband, as she
supposed, standing with his back to the fire. As he had gone
out to take a walk about half an hour before, she was surprised
to see him there, and asked him why he had returned so soon.
The figure looked fixedly at her with a serious and thoughtful
expression of countenance, but did not speak. Supposing that
his mind was absorbed in thought, she sat down in an arm-
chair near the fire, and within two feet, at most, of the figure,
which she still saw standing before her. ~ As its eyes, however,
still continued to be fixed upon her, she said, after the lapse of
a few minutes,  Why don't you speak?’ The figure imme-
diately moved off toward the window at the farther end of
the room, with its eyes still gazing on her, and it passed so
very close to her in doing so, that she was struck by the cir-
cumstance of hearing no step or sound, nor feeling her clothes
brushed against, nor even any agitation in the air.

« Although she was now convinced that the figure was not
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her husband, yet she never for a moment supposed that it was
any thing supernatural, and was soon convinced that it was a
spectral illusion. As soon as this conviction had established
itself in her mind, she recollected the experiment which I had
suggested of trying to double the object; but before she was
able distinctly to do this, the figure had retreated to the win-
dow, where it disappeared. Mrs, A. immediately followed it,
shook the curtains, and examined the window, the impression
having been so distinct and forcible, that she was unwilling to
believe that it was not a reality. Finding, however, that the
figure had no natural means of escape, she was convinced that
she had seen a spectral apparition like that reeorded in Dr.
Hibbert’s work, and she consequently felt no alarm or agita-
tion. The appearance was seen in bright daylight, and lasted
four or five minutes. When the figure stood close to her, it
concealed the real objects behind it, and the apparition was
fully as vivid as the reality. : _

4 (3) On these two occasions Mrs. A was alone, but when
the next phantom appeared, her husband was present. This
took place on the 4th of January, 1830. About ten o’clock
at night, when Mr. and Mrs. A. were sitting in the drawing-
room, Mr. A. took up the poker to stir the fire, and when he
was in the act of doing this, Mrs. A. exclaimed, ¢ Why, there’s
.the cat in the room !’ - ¢ Where?’ exclaimed Mr. A. ¢ There,
close to you,’ she replied. ‘Where?’ he repeated. ¢Why,
on the rug to be sure, between yourself and the coal-scuttle.’
Mr. A., who had still the poker in his hand, pushed it in the
direction mentioned. ‘Take care,’ cried Mrs. A., ¢ take care !
you are hitting ber with the poker.’ Mr. A. again asked her
to point out exactly where she saw the cat. She replied,
¢ Why, sitting up there close to your feet on the rug; she is
looking at me. It is Kitty—come here, Kitty !’ There were
two cats in the house, one of which went by this name, and
they were rarely, if ever, in the drawing-room.

¢ At this time Mrs, A. had no idea that the sight of the cat
was an illusion. When she was asked to touch it, she got up

10%
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for the purpose, and seemed as if she were pursning something
which moved away. She followed a few steps, and then said,
* ¢It has gone under the chair.” Mr. A. assured her that it was
an illusion, but she would not believe it. He then lifted up
the chair, and Mrs. A. saw nothing more of it. The room was
searched all over, and nothing found in it. There was a dog
lying on the hearth, who would have betrayed great uneasiness
if a cat had been in the room, but he lay perfectly quiet. In
order to be quite certain, Mr. A. rang the bell, and sent for the
cats, both of which were found in the housekeeper’s room.

“(4) About a month after this occurrence, Mrs, A., who
had taken a somewhat fatiguing drive during the day, was
preparing to go to bed about eleven o’clock at night, and, sit-
ting before the dressing-glass, was occupied in arranging her
bair. She was in a listless and drowsy state of mind, but fully
awake. When her fingers were in active motion among the
papillotes, she was suddenly startled by seeing in the mirror
the figure of a near relative, who was then in Scotland, and in
perfect health. The apparition appeared over her left shoulder,
and its eyes met hers in the glass. It was énveloped in grave-
clothes, closely pinned, as is usual with- corpses, round the
head and under the chin; and though the eyés were open, the .
features were solemn and rigid. The dress was evidently a
shroud, as Mrs. A. remarked even the punctured pattern usu-
ally worked in a peculiar manner round the edges of that gar-
ment. Mrs, A, described herself as, at the time, sensible of a
feeling, like what we conceive of fascination, compelling her,
for a time, to gaze upon this melancholy apparition, which was
as distinct and vivid as any reflected reality could be, the light
of the candle upon the dressing-table appearing to shine fully
upon its face. After a few minutes she turned round to look
for the reality of the form over her shoulder, but it was not
visible, and it had also disappeared from the glass when she
looked again in that direction.

* * * * .
“(7) On the 17th March, Mrs. A. was preparing for bed.
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8he had dismissed her maid, and was sitting with her feet in
hot water. Having an excellent memory, she had been think-
ing upon and repeating to herself a striking passage in the
Edinburgh Review, when, on raising her eyes, she saw seated
in a large easy-chair before her the figure of a deceased friend,
the sister of Mr. A. The figure was dressed, as had been
usual with her, with great neatness, but in a gown of a peculiar
kind, such as Mrs. A. had never scen her wear, but exactly such
as had been described to her by a common friend as baving
been worn by Mr. A.'s sister during her last visit to England.
Mrs. A. paid particular attention to the dress, air, and appear-
ance of the figure, which-sat in an easy attitude in the chair,
holding a handkerchief in one hand. Mrs. A. tried to speak
to it,.but experienced a difficulty in doing so, and in about
three minutes the figure disappeared.

“About a minute afterward, Mr. A. came into the room,
and found Mrs. A, slightly nervous, but fully aware of the de-
lusive nature of the apparition. She described it as having all
the vivid coloring and apparent reality of life; and for some
hours preceding this and other visions she experienced a pecu-
liar sensation in her eyes, which seemed to be relieved when
the vision had ceased.

* * * * *

“(9) On the 11th October, when sitting in the drawing-
room, on one side of the fireplace, she saw the figure of an-
other deceased friend moving toward her from the window at
the farther end of the room. It approached the fireplace, and
sat down in the chair opposite. As there were several persons
in the room at the time, she describes the idea uppermost in
her ‘mind to have been a fear lest they should be alarmed at
her staring, in the way she was couscious of doing, at vacancy.
and should fancy her intellect disordered. Under the influence
of this fear, and recollecting a story of a similar effect in your* -
work on demonology, which she had lately read, she summoned

* Sir Walter Scott; to whom Sir David Brewster’s letters on natural magic were
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up the requisite resolution to cnable her to cross the space be-
fore the fireplace, and seat herself in the same chair with the
figure. The apparition remained perfectly distinct till she sat
down, as it were, in its lap, when it vanished.”

297. Personal Characteristics—It should be mentioned
that Mrs, A. was naturally a person of very vivid imagination,
and that, at the time the most notable of these illusions ap-
peared, her health was weak from bronchitis and enfeebled di-
gestlon . :
It is obvious that nothing but the singular courage and

clear intellect of Mrs. A. prevented her from becoming a mine

of ghost-stories of the most excellontly authenticated kind.

And the particular value of her bistory lies in its showing, that

the clearest testimony of the most unimpeachable witness may

be quite inconclusive as to the objective reality of somethmg
which the witness has seen.

- 208, The Senses not at Fault,.—Mrs, A, undonbtedly 8aw
what she said she saw. The evidence of her eyes as to the ex-
istence of the apparitions, and of her ears to those.of the voices,
was, in itself, as perfectly trustworthy as their evidence would
have been had the objects really existed. For there can be no
doubt that exactly those parts of her retina, which would have
been affected by the image of a cat, and those parts of her
auditory organ, which would have been set vibrating by her
husband’s voice, were thrown into the same condition by some
internal cause.

"What the senses testlfy is neither more nor less than the
fact -of their own affection. As to the cause of that affec-
tion they really say nothing, but leave the mind to form its
own judgment on the matter. A hasty or superstitious per-
son in Mrs. A.’s place would have formed a wrong judgment,
and wou]d have stood by it on the plea that “she must believe
her senses.”

299. Ventnloqmm —The delusions of the Judgment, pro-
duced not by abnormal conditions of the body, but by unusual

- or artificial combinations of sensations, or by suggestions of .

4
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ideas, are exceedingly numerous, and, occasionally, are not a
little remarkable. .

Some of those which arise out of the sensation of touch have
already been noted. I do not know of any produced through
smell or taste, but hearing is a fertile source of such errors.

‘What is called Ventriloguism (speaking from the belly),
and is not uncommonly ascribed to a mysterious power of
producing voice somewhere else than in the larynx, depends
entirely upon the accuracy with which the performer can
simulate sounds of a particular character, and upon the skill
with which he can suggest a belief in the existence of the
causes of these sounds. Thus, if the ventriloquist desire to
create the belief that a voice issues from the bowels of the
earth, he imitates with great accuracy the tones of such a half-
stifled voice, and suggests the existence of some one uttering
it by directing his answers and gestures toward the ground.
These gestures and tones are such as would be produced by a
given cause; and no other cause being apparent, the mind of
the bystander insensibly judges the suggested cause to exist.

Secrion IIL— Visual Sensations and Mental States.

300. Optical Delusions.—The delusions of the judgment
through the sense of sight, optical delusions, as they are called,
are more numerous than any others, because such a great
number of what we think to be simple visual scusations, are
really very complex aggregates of visual sensations, tactile sen-
sations, judgments, and recollections of former seunsations and
judgments. '

It will be instructive to analyze some of these judgments
into their principles, and to explain the delusions by the appli-
cation of these principles. :

801. Externality of Visible Objects.— Whken an external
body is felt by the touch to be in a given place, the image of that
body falls on a point of the retina, which lies at one end of - a.
straight line joining the body and the retina, and traversing a
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particular region of the centre of - the eye. ~ This straiykt line s
called the opTIO AXIS,

Conversely, when any part of the surface qf the retina is ex-
cited, the luminous sensation s referred by the mind to some -
point outside the body, in the direction of the optic azis.

- It is for this reason that when a phosphene is created by
pressure, say on the outer and lower side of the eyeball, the,
luminous image appears to lie above, and to the inner side of
the eye. Any external object which could produce the sense
of light in the part of the retina pressed upon, must, in fact,
occupy this position ; and hence the mind refers the light seen
to an object in that position.

302. The Inversion of the Visnal Images.—The same
kind of explanation is applicable to the apparent paradox that,
while all the pictures of external objects are certainly inverted
on the retina by the refractmg media of the eye, we neverthe-
less see them upright. It is difficult to understand this, until
one reflects that the retina has, in itself, no means of indicating
to the mind which of its parts lies at the top, and which at the
bottom ; and that the mind learns to call an impression on the
retina high or low, right or left, simply on account of the asso-
ciation of such an impression with certain coincident tactile
impressions. In other words, when one part of the retina is
affected, the object causing the affection is found to be near
the right hand; when another, the left; when another, the
hand has to be raised to reach the object; when yet another,
it has to be depressed to reach it. And thus the several im-
Ppressions on the retina are called right, left, upper, lower, quite
irrespectively of their real positions, of which the mind has,
and can have, no cognizance.

~ 308. Correspondence of Objects and Images.— When an
external body is ascertained by touch to be single, it forms but
dne smage on the retina of a single eye ; and when two or more
images fall on the retina-of a single eye, they ordinarily proceed
Jrom a corresponding number of bodm whick are distinct to the
touch. -
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Conversely, the sensation of two or more images 18 judged by
the mind to proceed from two or more objects.

If two pin-holes be made in a piece of cardboard at a dis-
tance less than the diameter of the pupil, and a small object
like the head of a pin be held pretty close to the eye, and
viewed through these holes, two images of the head of the pin
will be seen. 'The reason of this is, that the rays of light from
the head of the pin are split by the card into two minute pen-
cils, which pass into the eye on either side of its centre, and
cannot be brought to one focus on account of the nearness of
the pin to the eye. Hence they fall on different parts of the
retina, and each pencil being very small, makes a tolerably
distinct image of its own on the retina. Each of these images
is now referred outward (p. 229) in the direction of the appro-
priate optic axis, and two pins are. apparently seen instead.of
one. A like explanation applies to multiplying glasses and
doubly refracting crystals, both of which,-in their own' ways,
split the pencils of light proceeding from a single object into
two or more separate bundles. These give rise to as many
images, each of which is referred by the mind to a distinct ex-
ternal object. g

304. Judgment of Distance—Perspective.— Certain visual
phenomena ordinarily accompany those products of tactile sen-
sation to which we give the mame of size, distance, and form.
Thus, other things being alike, the space of the retina, covered by
the image of a large object, is larger than that covered bya
small object ; while that covered by a near object is larger than
that covered by a distant. object ; and, other conditions being
alike, a near object is more brilliant than o’ distant one. Fur-
thermore, the shadows of objects differ. with the forms of their
surfaces, as determined by touch.

Conversely, if these visual phenomena can be produced, they
inevitably suggest a belief in the existence of objects competent to
produce the corresponding tactile sensations.

What is called perspective, whether solid, or aérial, in draw-
~ ing or painting, depends on the application of these principles.
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It is a kind of visual ventriloquism—the painter putting upon
his canvas all the conditions requisite for the production of
images on the retina, having the form, relative size, and inten-
sity of color, of those which would actually be produced by
the objects themselves in nature. And the success of his pic-
ture,. as an imitation, depends upon the closeness of the resem-
blance between the images it produces on the retina, and those
which would be produced by the objects represented.

805. Magnifying Glasses.—To most persons the image of .
a pin, at five or six inches from the eye, appears blurred and
indistinct—the eye not being capable of adjustment to so short
afocus. If a small hole be made in a piece of card, the cir-
cumferential rays which cause the blur are cut off and the
image becomes distinct. . But at the same time it is magnified,
or looks bigger, because the image of the pin occupies a much
larger extent of the retina when close than when distant. All
convex . glasses produce the same effect—while concave lenses
~ diminish the apparent size of an object, because they diminish

the size of its image on the retina.

~ 308. Why the Sun and Moon look larger near the
Horizon.—The moon, or the sun, when near the horizon ap-
pear very much larger than they are when high in the sky.
‘When in the latter position, in fact, we have nothing to com-
pare them with, and the small extent of the retina which their-
images occupy suggests small - absolute size. Bat, as they set,
we sce them passing behind great trees and buildings which
we know to be very large and very distant, and yet occupying
" a larger space on the retina than the latter do. Hence the
vague suggestion of their larger size.

807. Judgment of Form by Shadows.—If a convex sur-
face be lighted from one side,the side toward the light is
bright—that turned from the light, dark, or in shadow—while
a concavity is shaded on the side toward the light, bright on
the opposite side.

If a new balf-crown, or a medal with a well-raised head
upon its face, be lighted sideways by a candle, we at once know
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the head to be raised (or a cameo) by the disposition of the
light and shade; and if an intaglio, or medal on which the
head is hollowed out be lighted in the same way, its nature is
as readily judged by the eye.

But now, if cither of the objects thus lighted be viewed
with a convex lens, which inverts its position, the light and
dark sides will be reversed. With the reversal the judgment
of the mind will change, so that the cameo will be regarded as
an intaglio, and the intaglio as a cameo; for the light still
comes from where it did, but the cameo appears to have the
shadows of an intaglio, and wvice versé. So completely, how-
ever, is this interpretation of the facts a matter of judgment,
that if a pin be stuck beside the medal so as to throw a shadow,
the pin and its shadow, being reversed by the lens, will suggest
that the direction of the light is also reversed, and the medals
will seem to be what they really are.

808. Judgment of Changes of Form.— Whkenever an ex-
ternal object is watched rapidly changing its form, a continuous
series of different pictures of the object is impressed upon the
same spot of the retina.

Conversely, if a continuous series of different pictures of one
object is impressed upon one part of the retina, the mind judges
that they are due to a single external object, undergoing changes
of form.

This is the principle of the curious toy called the thauma-
trope, by the help of which, on looking through a hole, one
sees images of jugglers throwing up and catching balls, or boys
playing at leap-frog over one another’s backs, This is man-
aged by painting at intervals, on a disk of card, figures and

“jugglers in the attitudes of throwing, waiting to catch, and
catching ; or boys “ giving a back,” leaping, and coming into
position after leaping. The disk is then made to rotate before
an opening, so that each image shall be presented for an in-
stant, and follow its predecessor before the impression of the
latter has died away. - The result is, that the succession of dif-
ferent pictures irresistibly suggests one or more objects under-'
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_ going successive changes—the juggler seems to throw the balls,
and the boys appear to jump over one another’s backs.

809. Single Vision with Two Eyes.— When an ezternal
object is ascertained by touch to be single, the centres of its reti-
nal images in the two eyes fall upon the centres of the yellow
spots of the two eyes, when both eyes are directed toward it ;
but if there be two external objects, the centres of both the:r
images cannot fall, at the same time, upon the centres of the yel-
low spots.

Conversely, when the cmtrea of two tmagec Jormed simul-
taneously in the two eyes, fall upon the centres of the yellow
spots, the mind judges the images to be caused by a. single exter-
nal object: but if not, by two.

This seems to'be the only admissible explanation of the
facts, that an object which appears single to the touch and
when viewed with one eye, also appears single when it is viewed
with both eyes, though two images of it are necessarily formed;
and on the other hand, that when the centres of the two im-
ages of ome object do mot fall on the centres of the yellow
spots, both images are seen separately, and we have double
vision. In squinting, the axes of the two eyes do not converge
equally toward the object viewed. In consequence of this,
when the centre of the image formed by one eye falls on the
yellow spot, the correspondmg part of that formed by the other
eye does not, and double vision is the result. -

310. The Pseudoscope.—In single vision with two eyes, the
azes of the two eyes, of the movements of which the muscular
sense gives an indication, cut one another at a greater angle
when the object appraaches, at a less angle when it goes farther
of . ‘ ) -
Conversely, if without changing the position of an object, the
azes of the two eyess, which view it can be made to converge or
diverge, the object will seem to approach or go farther off.

In the instrument called the pseudoscope, mirrors or prisms
are disposed in such a manner that the .rays of light from a
stationary object can be caused to alter the angle at which



VISUAL SENSATIONS AND MENTAL -STATES. 235

they enter the two eyes, and so require the axes of these eyes
to become more or less convergent. In the former case the
object seems to approach; in the latter, to incrcase its dis-
tance.

811. Judgment of Solidity—the Stereoscope.— Wken a
body of moderate size, ascertained by touch to be solid, is viewed
with both eyes, the images of it, formed by the two_eyes, are
necessarily different (one showing more of its right side, the other
of its left side). Nevertheless, they coalesce into a common
image, which gives the impression of solidity.

Conversely, if the two images of the right and left aspects
of a solid body be made to fall upon the retine of the two eyes
tn such a way as to coalesce into a common image, they are
Jjudged by the mind to proceed from the single solid body which
alone, under ordinary circumstances, is competent to produce them.

The stereoscope is constructed upon this principle. What-
ever its form, it is 8o contrived as to throw the images of two
pictures of a solid body, such as would be obtained by the
right and left eye of a spectator, on to such parts of the retinm
of the person who uses the stereoscope as-would receive these
images, if they really proceeded from one solid body. The
mind immediately judges them to arise from a single external
solid body, and sees such a solid body in place of the two
pictures.

‘The operation of the mind upon the sensations presented to-
it by the two eyes is exactly comparable to that which takes
place when, on holding a marble between the finger and thumb,
we at once declare it to be a single sphere (p. 221). That
which is absolutely presented to the mind by the sense of touch
in this case is by no means the sensation of one spheroidal
body, but two distinct sensations of two convex surfaces. - That
these two distinct convexities belong to-one sphere, is an act of
judgment, or process of unconscious reasonmg, ‘based upon
many particulars of past and present experience, of which we
have at the moment no distinct consciousness,
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CHAPTER XII
THE NERVOUS SYSTEM AND INNERVATION.
Secrion L—7The Spinal Cord—Reflex Actions.

812. The General Nervous System.—The sensory organs
are, as we bave seen, the channels through which particular
physical agents are enabled to excite the sensory nerves with
which these organs are connected; and the activity of these
nerves is evidenced by that of the central organ of the nervous
system, which becomes manifest as a state of consciousness—
the sensation.

We have also seen that the muscles are instruments by
which a motor nerve, excited by the central organ with which
it is connected, is able to produce motion.

The sensory nerves, the motor nerves, and the central organ,
constitute the greater part of the nervous system, which, with
its fanction of énnervation, we must now study somewhat more
closely, and as a whole.

313. The Cerebro-Spinal and Sympathetic Systems.—
The nervous apparatus consists of two sets of nerves and nerve
centres, which are intimately connected together, and yet may
be conveniently studied apart. These are the cerebro-spinal
system and the sympathetic system. The former consists of the
cerebro-spinal azis (composed of the brain and spinal cord) and
the cerebral and spinal nerves, which are connected with this
axis. The latter comprises the chain of sympathetic ganglia,
the nerves which they give off, and the nervous cords by which
they are connected with one another and with the cerebro-
spinal nerves.

-314. Membrane of the Cerebro-Spinal Axis,—The cere-
bro-spinal azis lies in the cavity of the skull and spinal column,
the bony walls of which cavity are lined by a very tough fibrous
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membrane, serving as the periosteum of the component bones
of this region, and called the dura mater. The brain and spinal
cord themselves are closely invested by a very vascular fibrous
tissue, called pia mater, which is continued, more or less exten-
sively, into the substance of these organs along with the ves-
sels. The outer surface of the pia mater, and the inner sur-
face of the dura mater, pass into a delicate fibrous tissue, lined
by an epithelium, which is called the aracknoid membrane.
. Thus one layer of arachnoid coats the brain and spinal cord,
and another lines the dura mater. As these layers become
continuous with one another at various points, the arachnoid
forms a sort of shut sac, like the pericardium ; and, in com-
mon with other serous membrancs, it sccretes a fluid, the
arachnoid fluid, into its interior. The interspace between the
internal and external layers of the arachnoid of the brain is, for
the most part, very small; that between the corresponding
layers of the arachnoid of the spinal cord is larger.

315. The Spinal Cord—The spinal cord (Fig. 89) is a
column of grayish-white sof substance, extending from the top
of the spinal canal, where it is continuous with the brain, to
about the second lumbar vertebra, where it tapers off to a point.
A deep fissure, the anterior fissure, divides it in the middle
line in front, nearly down to its centre; and a similar fissure,
the posterior fissure, also extends nearly to its centre in the
middle line behind. The pia mater extends into each of these
fissures, and supports the vessels which supply the cord with
its blood. In consequence of the presence of theso tissues,
only a narrow bridge of the substance of the cord connects its
two halves, and this bridge is traversed throughout its entire
length by a minute canal, the central canal of the cord. _

Each half of the cord is divided longitudinally into three
equal parts, by the lines of attachment of two parallel series of
delicate bundles of nervous filaments, the roots of the spinal
nerves. The roots of the nerves which arise along that line
which is nearer the posterior surface of the cord are called pos-
terior roots ; those which arise along the other line are the an-



238 ELEMENTARY PHYSIOLOGY. -

terior roots. A certain number of anterior and posterior roots,
on the same level on each side of the cord, converge and form
anterior and posterior bundles, and then the two bundles, ante-
rior and posterior, coalesce into the trunk of a spinal nerve ;
but, before doing so, the posterior bundle presents an enlarge-
ment—the ganglion of the posterior root.

The trunks of the spinal nerves pass out of the spinal canal
by the intervertebral foramina, or apertures between the verte-
bre, and then divide and subdivide, their ultimate ramifica-
tions going to the muscles and to the skin,

There are thirty-one pairs of these spinal nerves, and, con-
sequently, twice as many sets of roots of spinal nerves given
off, in two lateral series, from each half of the cord.

Fia. 89. Fia. 90.

The spinal cord.—Fig. 89, a front view of a portion of the cord. On the left side, the
an:‘erlor rootsPA R., are entire; onm the right side they are cut, to show the pos-
terior roots,

Fig. 90, a transverse section of the cord. A. the anterior fissure; A. the posterior

fissure; G. the central canal; C. the gray matter; W. the whlte matter. A.R.
the anterior root, P.R, the posterlor root, Gn. the ganglion, and 7. the trunk,
of a spinal nerve.

316. Transverse Section of the Cord.—A transverae sec-
tion of the cord (Fig. 90) shows that each half contains two
substances—a white substance on the outside, and a grayish-red
substance in the interior. And this gray substance is so dis-
posed that, in transverse section, it looks something like a
crescent, with one end bigger than the other, and with the
concave side turned outward. The two ends of the crescent
are called its korns or cornua, the one in front being the ante-
rior cornu ; the one turned backward the posterior cornu. The
convex sides of the cornua of the two halves approach one an-
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other, and are joined by the bridge whlch contains the central
canal.

Many of the nerve fibres of which the anterior roots are
composed may be .traced into the anterior cornu, while those
of the posterior roots enter the posterior cornu.

317. Physiological Properties of Nerves—The physio-
logical properties of the organs now descnbed are very remark-
able.

If the trunk of a spinal nerve be irritated in any way, as by
pinching, cutting, galvanizing, or applying a hot body, two
things happen : in the first place, all the muscles to which fila-
ments of this nerve are distributed, contract; in the second,
acute pain is felt, and the pain is referred to that part of the
skin to which fibres of the nerve are distributed. In other
words, the effect of irritating the trunk of a nerve is the same
as that of irritating its component fibres at their terminations.

The effects just described will follow upon irritation of any
part of the branches of the nerve ; except that when a branch
is irritated, the only muscles directly affected, and the only
part of the skin to which pain isreferred, will be those to which
that branch sends nerve fibres. And these effects will follow
upon irritation of any part of the trunk of a nerve up to the
point at which the anterior and posterior bundles unite,

318. Functions of Anterior and Posterior Roots.—If the
anterior bundle of root fibres be irritated in the same way, °
only half the previous effects are brought about. That is to
say, all the muscles to which the nerveds distributed contract,
but no pam is felt.

So again, if the posterior, gnnghonated, bundle be irritated,
only half the effect of irritating the whole trunk is produced.
Baut it is the other half; that is to say, none of the muscles to
which the nerve is distributed contract, but intense pain is re-
ferred to the whole areaof skin to which the fibres of the nerve
are distributed.

It is clear enough, from these experiments, that all the
power of causing muscular contraction which a spinal nerve
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possesses, is lodged in the fibres which compose its auterior
roots; and all the power of giving rise to sensation, in those
of its posterior roots. Hence the anterior roots are commonly
called motor, and the posterior sensory.

819. Experiment—Paralysis.—The same truth may be
illustrated in other ways. Thus, if, in a living animal, the an-
terior roots of a spinal nerve be cut, the animal loses all con-
trol over the muscles to which that nerve is distributed, though
the ‘sensibility of the region of the skin supplied by the nerve
is perfect. If the posterior roots be cut, sensation is lost, and
voluntary movement remains. But, if both roots be cut, neither
voluntary movement nor sensibility are any longer possessed by

" the part supplied by the nerve. The muscles are said to be
paralyzed, and the skin may be cut, or burnt, without any sen-
sation being excited.

If, when both roots are cut, that end of the motor root
which remains connected with the trunk of the merve be irri-
tated, the muscles contract; while, if the other end be so
treated, no apparent effect results. On the other hand, if the
end of the sensory root connected with the trunk be irritated, .
no apparent effect is produced, while, if the end connected with
the cord be thus served, violent pain immediately follows.

‘When no apparent effect follows upon the irritation of any
nerve, it is not probable that the molecules of the merve re-

" main unchanged. On the contrary, it would appear that the
same change occurs in all cases; but a motor nerve is con-
nected with nothing that can make that change apparent save a
muscle; and a sensory nerve with nothing that can show an
effect but the central nervous system.

"~ 820. Molecular Changes in Irritated Nerves.—It will be
observed that in all the experiments mentioned there is evidence
that, when a nerve is irritated, a something, probably a change
in the arrangement of ‘its molecules, is propagated along the
nerve fibres. If a motor or a sensory nerve be irritated, at any
point, contraction in the muscle, or sensation in the central
organ, immediately follows. But if the nerve be cut, or even
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tightly tied at any point between the part irritated and the
muscle or central organ, the effect at once ceases, just as cut-
ting a telegraph-wire stops the transmission of the electric cur-
rent or impulse. 'When a limb, as we say, “goes to sleep,” it
is because the nerves supplying it have been subjected to pres-
sure sufficient to destroy the nervous * coutinuity of the fibres.
‘We lose voluntary control over, and sensation in, the limb, and
these powers are only gradually restored as that nervous com-
tinuity returns.

Having arrived at this notion of an impulse travelling
along a nerve, we readily pass to the conception of a sensory
nerve as a nerve which, when active, brings an impulse to the
central organ, or is afferent; and of a motor nerve, as a nerve
which carries away an impulse from the organ, or is efferent. It
is very convenient to use these terms to denote thé two great
classes of nerves; for, as we shall find, there are afferent nerves
which are not sensory, while there may be in man, and cer-
tainly are in animals, efferent ncrves which are not motor, in
the sense of inducing muscular contraction.

321. The Negative Deflection.—There is no difference in
structure, in chemical or in physical character, between affer-
ent and efferent nerves, The impulse which travels along them
requires a certain time for its propagation, and is vastly slower
than many other forces—even slower than sound.

It is fonnd that, during life, the trunk of a nerve is in a
state of electrical activity, the ends of any segment being in a
different polar condition to its surface. Hence, if one pole
of a galvanometer be connected with the cut end of a nerve,
and the other with its surface, a current passes, and the needle
is deflected to a certain extent—say 20 degrees. If, under

* Their “ncervous continuity "—because their physical continuity is not inter-
rupted as a whole, but only that of the substance which acts as a conductor of the
nervous influence; or, it may be that only the conducting power of a part of that
substance s interfered with. Imagine a telegraph cable, made of delicate caoutchouc
tubes, fliled with mercury—a squeeze would interrupt the “ electrical coutinuity * of
the cable, without destroying its physical continuity. This analogy may not be cx-
act, but it helps to make the nervous phenomens intelligiblo.

11
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these circumstances, the nerve be irritated (the result of which,
of course, is the propagation of an impulse along its molecules),
the deviation of the needle at once diminishes, falling, say, to
15 degrees.

This is called negative deflection, and the importance of the
experiment consists in the demonstration which it affords of
the existence of a close relation between the force proper to
nervous matter and one of the ordinary forces of nature, elec-
tricity—though this close relation must by no means be mis-
taken for identity.

822. Properties of the 8pinal Cord.—Up to this point our
experiments have been confined to the nerves. 'We may now
test the properties of the spinal cord in a similar way. If the
cord be cut across (say in the middle of the back), the legs and
all the parts supplied by nerves which come off below the sec-
tion, will be insensible and incapable of movement by any ef-
fort of the will; while all the parts above the section will retain
their ordinary powers.

‘When a man hurts his back by an accident, the cord is net
unfrequently so damaged as to be virtually cut in two, and then
‘paralysis and insensibility of the lower part of the body ensue.

If, when the cord is cut across in an animal, the face of the
‘end below the cut, or away from the brain, be irritated, violent
movements of all the muscles supplied by nerves given off from
the lower part of the cord take place, but there is no sensa-
tion. On the other hand, if the posterior root of any nerve
attached to the part of the cord, which is still connected with
the brain, be irritated, great pain ensues, but there is no move-
ment of the muscles of the part below the cut.

323. Reflex Action through the Spinal Cord.—Thus it
‘may be said that, in relation to the brain, the cord is a great
‘mixed motor and sensory nerve. But it is also much more.
For if the trunk of a spinal nerve be cut through, so as to
sever its connection with the cord, an irritation of the skin to
which the sensory fibres of that nerve are distributed, produces
neither motor nor sensory effect.
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But if the cord be cut throngh, se as to sever its connec-
tion with the brain, irritation applied to the skin of the parts
below the section, though it gives rise to no sensation, may
produce violent motion of the parts supplied with motor nerves
from the segment of the cord below the section.

Thus, in the case supposed above, of a man whose legs are
paralyzed and insensible from spinal injury, tickling the soles
of the feet will cause the legs to kick out convulsively. And,
as a broad fact, it may be said that, so long as both roots of
the spinal nerves remain connected with the cord, irritation of
any afferent nerve is competent to give rise to excitement of
some, or the whole, of the efferent nerves so connected.

If the cord be cut across a second time at any distance
from the first section, the efferent nerves below the second cut
will no longer be affected by irritation of the afferent nerves
below the cut—but only of those above the cut. Or, in other
words, in order that an afferent impulse may be converted into
an efferent one by the spinal cord, the afferent nerve must be
in uninterrupted material communication with the efferent
nerve, by means of the substance of the spinal cord.

This peculiar power of the cord, by which it is competent
to convert afferent impulses into efferent ones, is that which
distinguishes it physiologically, as a central organ, from a
nerve, and is called reflez action. It is a power possessed by
the gray matter, and not by the white substance of the cord.

324. Distribution of Reflex Effects.—The number of the
efferent nerves which may be excited by the reflex action of
the cord, is not regulated by the number of the-afferent nerves
which are stimulated by the irritation which gives rise to the
reflex action. Nor does a simple excitation of the afferent
nerve by any means imply a corresponding simplicity in the
arrangement and succession of the reflected motor impulses.
Tickling the sole of the foot is a very simple excitation of the
afferent fibres of its nerves; but, in order to produce the mus-
cular actions by which the legs are drawn up, a great multitude
.of efferent fibres must act in regulated combination. In fact,
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in a multitude of cases, a reflex action is to be regarded rather
as an order given by an afferent nerve to the cord, and executed
by it, than as a mere rebound of the afferent impulse into the
first efferent channels open to it.

825. The Spinal Cord as a Conductor.—Thus the spinal
cord is, in part, mercly a transmitter of impressions to and from
the brain; but, in part, it is an independent nervous centre,
capable of originating combined movements upon the reception
of the impulse of an afferent nerve.

Regarding it as a conductor, the question arises, do all
parts of it conduct all kinds of impressions indiffercntly? Or
are certain kinds of impressions communicated only through
particular parts of the cord?

The following experiments furnish a partial reply to these
questions :

If the anterior half of the white matter of the dorsal part
of the cord be cut through, the will is no longer capable of
exerting any influence on the muscles which are supplied with
nerves from the lower segment of the cord. A similar section,
carried through the posterior half of the white matter in this
region, has no effect on the transmission of voluntary impulses.
It is obvious, therefore, that in the dorsal part of the cord,
nervous impulses from the brain are sent through the anterior
part of the white matter.

326. Conduction of the Gray Matter.—The posterior half
of the white matter may be cut through at one point, and the
anterior half at a point a little higher up, so that all the white
fibres shall be divided transversely by the one cut or the other
without any destruction of the material continuity of the cord,
or damage to the gray matter. :

When this has been done, irritation of those sensory nerves
which are connected with parts below the section excites the
sensation of pain as strongly as ever. Hence it follows, that
the afferent impulses, which excite pain when they reach the
brain, pass through, and are conveyed by, the gray matter.
And it has been found, by experiment, that, so long as even a
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small portion of the gray matter remains entire, these afferent
impulses are efficiently transmitted. Singularly enough, how-
ever, irritation of the gray matter itself does not cause pain.

If one half of the cord, say the right, be cut through, trans-
versely, down to its very middle, so as to interrupt all con-
tinuity of both white and gray matter between its upper and
lower parts, irritation of the skin of the right side of the body,
below the line of section, will give rise to as much pain as be-
fore, but all voluntary power will be lost in the muscles of that
side. Hence it follows, that the channels by which the afferent
impulses are conveyed must cross over, from the side of the
cord which they enter to the opposite side; while the efferent
impulses, sent down from the brain, must travcl along that side
of the cord by which they pass out.

If this be true, it is clear that a longitudinal section, taken
through the exact middle of the cord, will greatly impair, if not
destroy, the sensibility of both sides of the body below the
section, but will leave the muscles perfectly under the control
of the will. And it is found experimentally that such is the
case.

Secmion II.— The Brain.

827. The Vaso-motor Centres.—Such are the functions of
the spinal cord, taken as a whole. But particular regions of
this organ appear to be charged with the special function of
acting as centres for those vaso-motor nerves which supply the
muscles of the vessels and of many of the viscera.

For example, the muscles of the walls of the vessels of the
ear and of the skin of the head generally, are made to contract,
as has been already mentioned, by nervous fibres derived, im-
mediately, from the sympathetic. These fibres, however, do
not arise from the sympathetic ganglia, but simply pass through
them on their way from the spinal cord, to the upper dorsal
region of which they can all be traced. At least, this is the
only conclusion to be drawn from the facts, that irritation of
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this region of the cord produces the same effect as irritation
of the vaso-motor nerves themselves, and that destruction of
this part of the cord paralyzes them.

Fra. 91,

The base of the brain.—A. frontal lobe; B. ter;{pou] lobe of the cerebral hemispheres;
C.C. corpus cailosum ; Cb. cercbeﬁum; . medulla oblongata; P. the pituitary
body; Z. the olfactory nerve; II the optic nerve: JIL I V‘l V1. the nerves of the
muscles of the eye: V. the trigeminal nerve; VZI. the portio dura: VIIL the
auditory nerve; LX. the glossopharyngeal ; X. the pneumogastric; X7. the spinal
accessory ; X7I. the hypoglossal, or motor nerve of the tongne. The number VZ,
is pl upon the Pons Varolii. The crura cerebri are the brond bundles of
fibres which lie between the third and the fourth nerves on each side.

The gray matter of the upper part of the cord is therefore
a vaso-motor centre for the head and face.

328. Outlines of Anatomy of the Brain.—The brain
(Fig. 91) is a complex organ, consisting of several parts, the
hindermost of which, termed medulla oblongata, passes insen-
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sibly into the spinal cord, and, in its lower part, has the same
structure as the spinal cord.

Above, however, it widens out, and the central canal,
gpreading with it, becomes a broad cavity, which (leaving cer-
tain anatomical minutiz aside) may be said to be widely open
above. This cavity is termed the fourth ventricle. Over-
hanging the fourth ventricle is a great laminated mass, the
cerebellum (Cb. Figs. 91, 93). On each side, this organ sends
down several layers of transverse fibres, which sweep across

Fia. 92.
A vertical and transverse section of the brain, taken just behind the rltuitnry body,
P.—8y. the Sylvian fissure; C.C. the corpus callosum; F. tho fornix; V. the

latelal ventricle; Th. the optic thalamus; Op. the optic nerve; II1. the third
ventricle; V. the lateral ventricle; V7, its descending horn.

the brain and meet in the middle linc of .its base, forming a
kind of bridge (called Pons Varolii, Fig. 91) in front of the
medulla oblongata. The longitudinal nerve fibres of the me-
dulla oblongata pass forward among, and between, these layers
of transverse fibres; and become visible, in front of the pons,
as two broad diverging bundles, called crura cerebri (Fig. 91).
Above the crura cercbri lies a mass of nervous matter raised up
into four hemispherical elevations, called corpora quadrigemina
(Fig. 93). Between these and the crura cerebri is a narrow
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passage, which leads from the fourth ventricle into what is
termed the third ventricle of the brain (Fig. 92, JZ1). The
third ventricle is a narrow cavity lodged between two
great masses of nervous matter, called optic thalamsi, into
which the crura cerebri pass. The roof of the third ventricle
is mcrely membranous; and the peculiar body of unknown
function, the pineal gland, is connected with it. The floor of
the'third ventricle is produced into a sort of funnel, which ends
in another anomalous organ, the pituitary body (Figs. 92, 93).

The third ventricle is closed, in front, by a thin layer of
nervous matter; but, behind this, on each side, there is an
aperture in the boundary wall of the third ventricle which
leads into a large cavity : this occupies the centre of the cere-
bral hemisphere, and is called the lateral vemtricle (Fig. 92).
Each hemisphere is enlarged backward, downward, and for-
ward, into as many lobes ; and the lateral ventricle presents
corresponding prolongations, or cornua.

The floor of the lateral ventricle is formed by a mass of
nervous matter, called the corpus striatum, into which the fibres
that have traversed the optic thalamus enter (Figs. 92, 93).

The hemispheres are so large that they overlap all the other
parts of the brain, and, in the upper view, hide them. Their
applied faces are separated by a median fissure for the greater
part of their extent; but, inferiorly, are joined by a thick mass
of transverse fibres, the corpus callosum (Figs. 91, 92, C.C.).

The outer surfaces of the hemispheres are marked out into
convolutions, or gyri, by numerous deep fissures (or sulci), into
which the pia mater enters. One large and deep fissure which
separates the anterior from the middle division of the hemi-
sphere is called the fissure of Sylvius (Fig. 92, Sy.).

329. Arrangement of the White and Gray Matter.—In
the medulla oblongata the arrangement of the white and gray
matter is substantially similar to what it is in the spinal cord;
that is to say, the white matter is external, and the gray inter-
nal. But, in the cerebellum and cerebral hemispheres, the gray
matter is external and the white internal; while, in the optic
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thalami and corpora striala, gray matter and white matter are
variously intermixed.

SectioNn IIL—7The Cerebral Nerves.

830. Their Distribution.—Nerves are given off from the
brain in pairs, which succeed one another from before back-
ward, to the number of twelve (Fig. 93).

The first pair, counting from before backward, are the olfac-
tory nerves, and the second are the optic nerves. The functions
of these have already been described.

The third pair are called motores oculi (movers of the eye),
because they are distributed to all the muscles of the eye ex-
cept two.

The nerves of the fourth pair and of the sizth pair supply,
each, onc of the muscles of the eye, on each side; the fourth
going to the superior oblique muscle, and the sixth to the ex-
ternal rectus. Thus the muscles of the eye, small and close
together as they are, receive their nervous stimulus by three
distinct nerves.

Each nerve of the fifth pair is very large. It has two roots,
a motor and a sensory, and further resembles a spinal nerve in
having a ganglion on its sensory root. It is the nerve which
supplies the skin of the face and the muscles of the jaws, and,
having three chief divisions, is often called trigeminal.

The seventh pair furnish with motor nerves the muscles of
the face, and some other muscles, and are called facial.

The eighth pair are the auditory nerves. As the seventh
and eighth pairs of nerves leave the cavity of the skull together,
they are often, and especially by English writers on anatomy,
reckoned as one, divided into portioc dura, or hard part (the
facial); and portio mollis, or soft part (the auditory) of the
“geventh ” pair.

The ninth pair in order, the glossopharyngeal, are mixed
nerves; each being, partly, a nerve of taste, and, partly, a
motor nerve for the pharyngeal muscles.

11*
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The tenth pair is formed by the two preumogastric nerves.
These very important nerves, and the next pair, are the only
cerebral nerves which are distributed to regions of the body
remote from thehead. The pneumogastric supplies the larynx,
the lungs, the liver, and the stomach.

F1a. 98.

A diagram fllustrating the arrangement of the parts of the brain and the of the

. merves.—H. the cerebral hemispheres; C.S corpus stristum; ZA. optic thala-
mus; P. pineal gland; Pt plmimri bod]; C.Q. cor) uadrigemina; Cb.
cerebellum ; . medulla oblongata ; XL-X7/. the pairs o! cene%nl nerves; 8p. 1,
Sp. 2, the first and second pairs of spinal nerves.

The eleventh pair again, called spinal accessory, differ widely
from all the rest, in arising from the sides of the spinal marrow,
between the anterior and posterior roots of the dorsal nerves.
They run up, gathering fibres as they go, to the medulla ob-
longata, and then leave the skull by the same aperture as the
pneumogastric and glossopharyngeal. They are purely motor
nerves, while the pneumogastric is mainly sensory, or at least
afferent. As, on each side, the glossopharyngeal, pneumogas-
tric, and spinal accessory nerves leave the skull together, they
are frequently reckoned as onc pair, which is then counted as
the eighth.

The last two nerves, by this method of counting, become



THE CEREBRAL NERVES. 251

the ninth pair, but they are, really, the twelfth. They are the
motor nerves which supply the muscles of the tongue.

331. Olfactory and Optic Nerves.—Of these nerves, the
two foremost pair do not properly deserve that name, but are
really processes of the brain. The olfactory pair are prolonga-
tions of the cerebral hemispheres ; the optic pair, of the walls
of the third ventricle; and it is worthy of remark, that it is
only these two pair of what may be called false nerves which
arise from any part of the brain but the medulla oblongata—
all the other, true nerves, being indirectly, or directly, traceable
to that part of the brain, while the olfactory and optic nerves
are not so traceable.

332, Effects of Injuries to the Medulla Oblongata.—
As might be expected from this circumstance alone, the me-
dulla oblongata. is an extremely 1mportant part of the cerebro-
spinal axis, injury to it giving rise to immediate evil conse-
quences of the most serious kind.

, Simple puncture of one side of the floor of the fourth ven-
tricle at once produces an increase of the quantity of sugar in
the blood; beyond that which can be destroyed in the organ-
ism. The sugar passes off by the kidneys, and thus this slight
injury to the medulla gives risé to the disease called diabetes.

More extensive injury arrests the respiratory processes, the
medulla oblongata being the nervous centre which gives rise to
the contractions of the respiratory muscles, and keeps the respi-
ratory pump at work.

If the injuries to the medulla oblongata be of such a kind
as to irritate the roots of the pneumogastric nerve violently,
death supervencs by the stoppage of the heart’s action in the
manner already described (p. 62).

8383, Crossing of Impulses in the Medulla.—The chan-
nels of the afferent impulses, which are transmitted by the cord
to the brain and awake sensation there, as we have seen, cross

_from one half of the cord to the other, immediately after they
enter it by the posterior roots of the spinal nerves; while the
channels for the efferent, or volitional, impulses from the brain



252 ELEMENTARY PHYSIOLOGY.

remain, throughout the cord, in that half of it from which they
will eventually pass by the anterior roots. But, at the lower
and front part of the medulla oblongata, these also cross cover ;
and the white fibres which convey them are seen passing ob-
liquely from left to right and from right to left in what is called
the decussation of the anterior pyramids (Fig. 91). Hence,
any injury, at a point bigher up than the decussation, to the
nerve fibres which convey motor impnises from the brain,
paralyzes the mauscles of the body and limbs of the opposite
side.

Division of one of the crura cerebri, say the right, there-
fore, gives rise to paralysis of the left side of the body and
limbs, and the animal operated upon falls over to the left side,
because the limbs of that side are no longer able to support its
weight,

But as the motor nerves given off from the brain itself do
not cross over in this way, it follows that disease or injury at
a given point on one side of the medulla oblongata, involving
at once the course of the volitional motor channels to the spinal
marrow and the origins of the cerebral motor nerves, will®
affect the same side of the head as that of the injury, but the
opposite side of the body.

If the origin of the left facial nerve, for example, be injured,
and the volitional motor fibres going to the cord destroyed, in
the upper part of the medulla oblongata, the muscles of the
face of the left side will be paralyzed, and the features will be
drawn over to the opposite side, the muscles of the right side
having nothing to counteract their action. But it is the right
arm, and the right leg and side of the body, which will be
powerless,

Secriox IV.— Unconscious Cerebration.

384. Seat of Intelligence and WillL—The functions of
most of the parts of the brain which lie in front of the medulla
oblongata are, at present, very ill understood ; but it is certain
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that extensive injury, or removal, of the cerebral hemispheres
puts an end to intelligence and voluntary movement, and leaves
the animal in the condition of a machine, working by the reflex
action of the remainder of the cerebro-spinal axis.

Thus there can be no doubt that the cerebral hemispheres
are the seat of powers, essential to the production of those
phenomena which we term -intelligence and will; but there is
no satisfactory proof, at present, that the manifestation of any
particular kind of mental faculty is especially allotted to, or
connected with, the activity of any particular region of the
cerebral hemispheres.

335. Reflex Action of the Brain.—Even while the cerebral
hemispheres are entire, and in full possession of their powers, the
brain gives rise to actions which are as completely reflex as
those of the spinal cord.

‘When the eyelids wink at a flash of light, or a threatened
blow, a reflex action takes place, in which the afferent nerves
are the optic, the efferent, the facial. When a bad smell causes
a grimace, there is a reflex action through the same motor
nerve, while the olfactory nerves constitute the afferent chan-

"nels. In these cases, therefore, reflex action must be effected
through the brain, all the nerves involved being cerebral.

‘When the whole body starts at a loud noise, the afferent
auditory nerve gives rise to an impulse which passes to the
medulla oblongata, and thence affects the great majority of the
motor nerves of the body.

336. Reflex Actions in Reading Aloud.—It may be said
that these are mere mechanical actions, and have nothing to do
with the acts which we associate with intelligence. But let us
consider what takes place in such an aet as reading aloud. In
this case, the whole attention of the mind is, or ought to be,
bent upon the subject-matter of the book; while a multitude
of most delicate muscular actions are going on, of which the
reader is not in the slightest degree aware. Thus the book is
held in the hand, at the right distance from the eyes; the eyes
are moved, from side to side, over the lines, and up and down
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the pages. Further, the most delicately adjusted and rapid
movements of the muscles of the lips, tongue, and throat, of
the laryngeal and respiratory muscles, are involved in the
production of specech. Perhaps the reader is standing up and
accompanying the lecture with appropriate gestures. And
yet every one of these muscular acts may be performed with
utter unconsciousness, on his part, of any thing but the sense
of the words in the book. In other words, they are reflex acts.

8387. Artificial Reflex Actions —Education.—The reflex
actions proper to the spinal cord itself are natural, and are
involved in the structure of the cord and the properties of
its constituents. . By the help of the brain we may acquire an
infinity of artificial reflex actions.- That is to say, an action
may require all our attention and all our volition for its first,
or second, or third performance, but by frequent repetition it
becomes, in a manner, part of our organization, and is per-
formed without volition, or even consciousness.

As every one knows, it takes a soldier a long time to learn
his drill—to put himself, for instance, into the attitude of “at-
tention ” at the instant the word of command is heard. But,

after a time, the sound of the word gives rise to the act,

whether the soldier be thinking of it or not. There is a story,
which is credible enough, though it may not be true, of a prac-
tical joker, who, seeing a discharged veteran carrying home
his dinner, suddenly called out “ Attention!” whereupon the
man instantly brought his hands down, and lost his mutton
and potatoes in the gutter. The drill had been thorough,
and its effects bad become embodied in the man’s nervous
structure. '

The possibility of all education (of which military drill is
only one particular form) is based upon the existence of this
power which the nervous-system possesses, of organizing con-
scious actions into more or less unconscious, or reflex, opera-
tions. . It may be laid down as a rule, that, if any two mental
states be called ‘up'togetber, or in succession, with due fre-
quency and vividness, the subsequent production of the one of

-
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them will suffice to call up the.other, and that whether we de-
sire it or not.

The object of intellectual education is to create such indis-
soluble associations of our ideas of things, in the order and
relation in which they occur in nature; that of moral educa-
tion is to unite, as fixedly, the ideas of evil deeds with those
of pain and degradation, and of good actions with those of
pleasure and nobleness.

838. The Sympathetic System.—The sympathetic system
consists, chiefly, of a double chain of ganglia, lying at the
sides and in front of the spinal column, and connected with
one another, and with the spinal nerves, by commissural
cords. From these ganglia nerves are given off, which for
the most part follow the distribution of the vessels, but
which, in the thorax and abdomen, form great net-works,
or pleruses, upon the heart and about the stomach. It is
probable that a great proportion of the fibres of the sympa-
thetic system is derived from the spinal cord ; but others also,
in all probability, originate in the ganglia of the sympathetic
itself. The sympathetic nerves influence the muscles of the
vessels generally, and those of the heart, of the intestines, and
of some other viscera; and it is probable that their ganglia
are centres of reflex actiqn to afferent nerves from these organs.
But many of the motor nerves of the vessels are, as we have
seen, under the influence of particular parts of the spinal cord,
though they pass through sympathetic ganglia.

.CHAPTER XIII.
HISTOLOGY; OR, THE MINUTE STRUCTURE OF TIIE TISSUES,

Secrion I.—Dermal Tissues.

339. The Microscopical Analysis of the Body.—The .va-
rious organs and parts of the body, the working of which has
now been described, are not merely separable by the eye and
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the knife of the anatomist into membranes, nerves, muscles,
bones, cartilages, and so forth; but each of them is susceptible
of a finer analysis, by the help of the microscope, into certain
minute constituents which, for the present, are the ultimate
structural elements of the body.

840. Nuclei and Cells,.—There is a time when the human
body, or rather its rudiment, is of one structure throughout,
consisting of & more or less transparent matriz, through which
are scattered minute rounded particles of a different optical
aspect. These particles are called nuclei ; and, as the matrix,
or matter in which these nuclei are imbedded, readily breaks
up into spheroidal masses, one for each nucleus, and these in-
vesting masses easily take on the form of vesicles or cells, this
primitive structure is called cellular, and each cell is said to be
nucleated.

As development goes on, the nuclei of this indifferent tissue
simply increase in number, by division and subdivision; but
the substance in which they are imbedded, commonly called

Fra. 94, Fio. 95.

Fie. 96.
Fig. :L—Vertlenl section of a layer of epidermis, or epithelium, from its free to its
Fig. sb.glmenl views of the cells of which this layer is composed at the different

h adbed.
Fig. Dﬁg—ge’nlea such as @ viewed from their flat sides.
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the cell wall, and intercellular substance, becomes very variously
modified, both chemically and structurally, and gives rise to
the peculiarities of the different, completely formed tissues.

841, Epidermis and Epithelinm.—Among these, the
epidermis and some forms of epithelium present the simplest
structure, next to the blood and lymph corpuscles described
above (Chapter IV). These tissues are constantly growing in
their deepest parts, and are, as constantly, being shed at their
surfaces. )

The deep part consists of a layer of such globular nucleated
cells, as have been mentioned, the number of which is con-
stantly increasing by the spontaneous division of the nuclei and
cells. The increase in number thus effected causes a thrusting
of the excess of cell population toward the surface; on their
way to which they become flattened, and their walls acquire a
horny texture. Arrived at the surface, they arc mere dead
horny scales, and are thrown off. ;

Epithelium of the kind just described is called squamous.
It is found in the mouth, and its scales may always be obtained
in abundance by scraping the inside of the lip.

Fie. 07,

Ciliated epithellum.—a, the submucous vascular tissue; b, the deep layer of young
epithelium cells: c, the cylindrical full-grown cells, with (d) the cilia.

In other parts of the alimentary tract, as in the intestines,
the full.grown epithelial cells are placed side by side with one
another, and perpendicular to the surface of the membrane.
Such epithelium is called eylindrical (Fig. 58).
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In many glands (Fig. 56) the cpithelial cells remain globu-
lar, and enlarging, eventually burst and disappear, to be re-
placed by others.

Ciliated epithelium is usually of the cylindrical kind, and
differs from other epithelium only in the circumstance that one,
or more, incessantly vibrating filaments are developed from the
free surface of each cell.

Fia. 100. °

Fig. 98.—A longitudinal and vertical section of & nail: a, the fold at the baso of the
nail ; , the nail; ¢, the bed of the nal.

Fig. 99 is a transverse section of the same—a, small lateral folds of tho integument ;
&, nail; ¢, bed of the nall, with its ridges.

Fig. 100 is a highly-magnified view of a part of the foregoing—c, the ridges; d, the
deep layers of epidermis; e, the horny scales, coalesced into nail substance.

342. Nails.—In certain regions of the integument, the epi-
dermis becomes metamorphosed into nails and hairs.
Underneath each nail the deep layer of the integument is
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peculiarly modified to form the ded of the nail. It is very vas-
cular, and raised up into numerous parallel ridges, like elongated
papille (Figs. 99, 100). The surfaces of all these are covered
with growing epidermic cells, which, as they flatten and be-
come converted into horn, coalesce into a solid continuous
plate, the nail. At the hinder part of the bed of the nail, the
integument forms a deep fold, from the bottom of which, in like
manner, new epidermic cells are added to the base of the nail,
which is thus constrained to move forward.

The nail, thus constantly receiving additions from below
and from behind, slides forward over its bed, and projects be-
yond the end of the finger, where it becomes worn or cut off.

343. Hairs.—A hair, like a nail, is composed of coalesced
horny cells, but instead of being only partially sunk in a fold
of the integument, it is at first wholly enclosed in a kind of bag,
the kair-sac, from the bottom of which a papilla, which answers
to a single ridge of the nail, arises, The hair is developed by
the conversion into horn, and coalescence into a shaf?, of the
superficial epidermic cells coating the papilla. These coalesced
and cornified cells being continually replaced by new growths
from below, which undergo the same metamorphosis, the shaft
of the hair is thrust out until it attains the full length natural
to it. Its base then ceases to grow, and the old papilla and
sac die away, but not before a new sac and papilla have been
formed by budding from the sides of the old one. These give
rise to a new hair. The shaft of a bair of the head consists of
a central pith, or medullary matter, of a loose and open tex-
ture, and sometimes containing air; of a cortical substance
surrounding this, made up of coalesced elongated horny cells ;
and of an outer cuticle, composed of flat horny plates, arranged
transversely round the shaft, so as to overlap one another by
their outer edges, like closely-packed tiles. The superficial
epidermic cells of the hair-sac also coalesce by their edges, and
become converted into sheaths, which embrace the root of the
hair, and usually come away with it, when it is plucked out.

Two sebaceous glands commonly open into the hair-sac
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near its opening, and supply the hair with a kind of natural
pomatum; and delicate unstriped muscular fibres are so con:
nected with the hair-sac, as to cause it to pass from its ordi-
nary -oblique position into one perpendicular to the skin, when
they contract (Fig. 46).

Fre. 101,

Part of the shaft of a hair enclosed within its sac and treated with caustic soda, which
has caused the shaft to become distorted.—a, medulla; b, cortical meuﬁck
of the shaft; ¢ und e, inner and outer root-sheaths; 7, wall of the

They are caused to comtract by the infuence of cold and
terror, which thus give rise to * horripilation ” or “ goose-skin,”
and the “ standing of the hair on end.”

. Secrion IL—Interior Tissues.

844. The Crystalline Lens.—The crystalline lens is com-
posed of fibres (p. 210), which are the modified cells of the
epidermis of -that inverted portion of the integument, from
which the whole anterior chamber of the eye and the lens are
primitively formed.

845. Cartilage.—While epithelium and epidermis are found
only on the free surfaces of the organs, gristle, or cartilage, is
a deep-seated structure (see Chapter VIII). It is composed
" of a semi-transparent, resisting, elastic matter, which yields the
substance called chordrine by boiling, and contains a great
number of minute cavities, in which lie single nucleated cells,
or groups of such cells (Fig. 102). These cells increase in
number by division. Cartilage contains no yessels, or only
such as extend into it from adjacent parts.




INTERIOR TISSUES. 261

846, Connective Tissue.— Connective T'issue (also called
Jfibrous, or areolar, or sometimes cellular tissue).

Fia. 102.

A section of cartilage, showing the matrix (a), with the groups of cells (D) contain-
lage, ing n%clel (c) and fat ;;lobulea (dfzo e ®

This tissue, the most extensively diffused of all in the body,
consists of bands or cords, or sheets of whitish substance,
having a wavy, fibrous appearance, and capable of being split

Fro. 108, ' Fra. 104

nnective tissue.—Fig. 108, unchanged—a, connective tissue; b, fat cells; Fig. 104,
Co acted upon by acFe‘gc wcl(h]a.nd smlng (a) the swollen an tr'tnspmnt gle.llgnﬂne-
yielding matter, andl (b) the elastic fibres.
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up mechanically into innumerable finc filaments. This tissue
swells up and yiclds gelatine when it is boiled in water. The
addition of strong acetic acid also causesit to swell up and be-
come transparent, entirely losing its fibrous aspect ; and, further,
reveals the presence of two elements which acetic acid does not
affect, viz., nuclei and elastic fibres of different degrees of fine-
ness. If the acid be now ueutralized by a weak alkali, the
connective tissue assumes its former partial opacity and fibril-
lated aspect. The nuclei are the descendants of those which
existed in the indifferent tissue from which the connective tissue
has procecded—while the elastic fibres, like the gelatine-yield-
ing fibres, proceed from the metamorphosis of the matrix.
The proportion of elastic fibre to the gelatine-yielding con-
stituents of connective tissues varies, in different parts of the
body. Sometimes it is so great that elasticity is the most
marked character of the resulting tissue,

Ligaments and tendons are simply cords, or bands, of very
dense connective tissue. In some parts of the body the con-
nective tissue is more or less mixed with, or passes into, carti-
lage, and such tissues are called fibro-cartilages (see Chapter
VIIL).

Fro. 105, Fic. 106, Fre. 107,

Fat cells.—Fig. 105, having their natural aspect; Fig. 106, collapsed, the fat being
exhausted; Fig. 107, with fatty crystals.

347, Fat Cells arc scattered through the connective tissue,
in which they sometimes accumulate in great quantities. They
are spheroidal sacs, composed of & delicate membrane, on one



INTERIOR TISSUES. 263

side of which is a nucleus, and distended by fatty matter, from
which the more solid fats sometimes crystallize out. Ether
will dissolve out the fat, and leave the sacs empty and col-
lapsed (Fig. 106).

Considerable aggregations of fat cells are constantly pres-
ent in some parts of the body, as in the orbit, and about the
kidneys and heart, but elsewhere their presence, in any quan-
tity, depends very much on the state of nutrition. Indeed,
they may be regarded simply as a reserve, formed from the
nutriment which has been taken into the body in excess of its
average consumption.

348. Pigment-Cells are either epidermic or epithelial cells,
in which colored granules are deposited, or they are particular
cellular elements of the deeper parts of the body, in which a
like deposit occurs. Thus the color of the choroid and of the
iris arises from the presence of a layer of such cells.

Secrion IIL—Osseous Tissues.

849. Structure of Bone.—Bone is essentially composed of
an animal basis impregnated with salts of carbonate and phos-
phate of lime, through the substance of which are scattered
minute cavities—the lacune, which send out multitudinous
ramifications, called canaliculi. The canaliculi of different
lacuns unite together, and thus establish a communication be-
tween the different lacuns. If the earthy matter be extracted
by dilute acids, a nucleus is constantly found in each lacuns;
and, not unfrequently, the intermediate substance appears mi-
nutely fibrillated. In a dry bone the lacunm are usually filled
with air. When a thin section of such a bone is, as usual,
covered with water and a thin glass, and placed under the
microscope, the air in the lacuna refracts the light which passes
through them, in such a manner, as to prevent its reaching the
eye, and they appear black. Hence the lacunm were, at one

“time, supposed to be solid bodies, containing the lime salts of
the boite, and were called bone corpuscles (Fig. 110).
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All bones, except the smallest, are traversed by small
canals, converted by side branches into a net-work, and con-
taining vessels supported by more or less connective tissue and
fatty matter. Those are called Haversian canals (Figs. 108,
109). They always open, in the long run, upon the surface
of the bone, and there the vessels which they contain become
connected with those of a sheet of tough connective tissue,
which invests the bone, and is called periosteum.

In many long bones, such as the thigh-bone, the centre of
the bone is hollowed out into a considerable cavity, containing
great quantities of fat, supported by a delicate connective tis-
sue, rich in blood-vessels, and called the marrow, or medulla.
The inner ends of the Haversian canals communicate with this
cavity, and their vessels are continuous with those of the mar-
row. .

‘When a section of a bone containing Haversian canals is
made, it is found that the lacune are dispersed in coucentric
zones around each Haversian canal, so that the substance of
the bone appears laminated ; and, where a medullary cavity
exists, more or fewer of these concentric lamell® of osseous
substance surround it.

850. How Bones grow.—This structure arises from the
mode of growth of bones. In the place of every bone there
exists, at first, either cartilage, or connective tissue hardly
altered from its primitive condition of indifferent tissue. When
ossification commences, the vessels from the adjacent parts
extend into the ossifying tissue, and the calcarcous salts are
thrown down around them. These calcareous salts invade all
the ossifying tissue, except the immediate neighborhood of its
nuclei, around each of which a space, the lacuna, is left. The
lacuns and canaliculi are thus, substantially, gaps left in the
ossific matter around each nucleus, whence it is that nuclei are
found in the lacuns of fully-formed bone.

Bone, once formed, does not remain during life, but is con-
stantly disappearing and being replaced in all its parts. Never-
theless, the growth of a bone, as a general rule, takes place
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only by addition to its free ends and surfaces. Thus the bones
of the skull grow in thickness, on their surfaces, and in breadth

e

Fra. 108,

Fre. 109.

Fie. 110.
Fig. 103.—A tmnsverse section of bone in the neighborhood of two Haversian canals,

Fig. 109 —L lon‘fitudiml lecﬁon of bone with Haversian canals, a @, and lacun®, &
ified than the p
Fig. llO.—Lwn.ne, ¢,and mnluoull,'z very highly magnified.
12
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at their edges, where they unite by sutures; and when the
sutures are once closed, they grow no more.

The bones of the extremities, which are preceded by com-
plete cartilaginous models, grow in two ways. The cartilage
of which they consist grows and enlarges at its extremities un-
til the bones have attained their full size, and remains to the
end of life as articular cartilage. But in the middle, or shaft,
of the bone, the cartilage does not grow with the increase in
the dimensions of the bone, but becomes coated by successive
layers of bone, produced by the ossification of that part of the
periosteum which lies nearest to the cartilage. The shaft of
the bone thus formed is gradually hollowed out in its interior
to form the medullary cavity, so that, at last, the primitive
cartilage totally disappears.

‘When ossification sets in, the salts of lime are not diffused
uniformly through the whole mass of the pre&xisting cartilage,
or connective tissue, but begin to be deposited at particular
points called centres of ossification, and spread from them

" through the bone. Thus, a long bone has usually, at fewest,
three centres of ossification—one for the middle or shaft, and
one for each end; and it is only in adult life that the three
bony masses thus formed unite into one bone.

851. Structure of the Teeth.—Teeth partake more of
the nature of bones than of any other organ, and are, in fact,
partially composed of true bony matter, here called cement ;
but their chief constituents are two other tissues, called dentine
and enamel.

Each tooth presents a crown, which is exposed to wear,
and one or more fangs, which are buried in a socket furnished
by the dense mucous membrane of the mouth, which consti-
tutes the gum. The line of junction between the crown and
the fang is the neck of the tooth. In the interior of the tooth
is a cavity, which communicates with the exterior by canals,
which traverse the fangs and open at their points. This cavity
is the pulp cavity. It is occupied by a highly-vascular and
nervous tissue, the dental pulp, which is continuous below,



OSSEOUS TISSUES. 267

through the opening at the point of the fang, with the mucous
membrane of the gum.

The chief constituent of a tooth ‘is dmtme—a. dense calci-
fied substance containing less animal matter than bone, and
further differing from it in possessing no lacunz, or proper
canaliculi. Instead of these it presents innumerable, minute,
parallel, wavy tubuli, which give off lateral branches. The

Fie. 112,

Fre. 111

Fig. 111, vertical—Fig. 112, horizontal section of a tooth.—a, enamel of the crown;
b, pulp avity ; ¢ cement of the fangs ; d, dentine,

wider ends of these tubules open into the pulp cavity, while
the narrower ultimate terminations ramify on the surface of
the dentine, and may even extend into the enamel or cement
(Fig. 115).

The enamel consists of very small six-sided fibres, set
closely, side by side, at right argles to the surface of the den-
tine, and covering the crown of the tooth as far as the neck,
toward which the enamel thins off and joins the cement (Figs.
113, 114).

Enamel is the hardest tissue of the body, and contams not
more than two per cent. of animal matter.

The cement coats the fangs, and has the structure of true
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bone; but as it exists only in a thin layer, it is devoid of
Haversian canals (Fig. 115).

852. How Teeth are Developed.—The development of
the teeth commences long before birth. A groove appears in

g;

Fia. 114, Fia. 116.

Fig. 113.—Enamel fibres viewed in transverse section.

Fig. 114.—Enamel fibres separated and viewed laterally.

Fig. 115.—A section of a tooth at_the junction of the dentine (@) with the cement (&);
b ¢, irvegular cavities in which the tubules of the dentine end; dZ fine tnbules
continned from them; fg, lacune and liculi of the (All these
figures are very highly magnified.)

the gum of each side of each jaw; and, at the bottom of this
groove of the gum, five vascular and nervous papille arise,
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making twenty in all. The walls of the groove grow together,
between and over each of the papillee, and thus these become
enclosed in what are called the dental sacs.

Each papilla gradually assumes the form of the future tooth.
Next a deposit of calcific matter takes place at the summit of
the papilla, and extends thence, downward, toward its base.
In the crown the deposit takes on the form of enamel and den-
tine ; in the root, of dentine and cement. As it increases it
encroaches upon the substance of the papilla, which remains
as the tooth pulp. The fully-formed teeth press upon the up-
per walls of the sacs in which they are enclosed, and causing a
more or less complete absorption of these walls, force their way
through. The teeth are then, as it is called, cut.

The cutting of this first set of teeth, called deciduous, or
milk teeth, commences at about six months, and ends with the
second year. They are altogether twenty in number—eight
being cutting teeth, or incisors; four, eye teeth, or canines ;
and eight, grinders, or molars.

Each dental sac of the milk teeth, as it is formed, gives off
a little prolongation of itself, which becomes lodged in the jaw,
enlarges, and develops a papilla from which a new tooth is
formed. As the latter increases in size it presses upon the
root of the milk tooth which preceded it, and thereby causes
the absorption of the root and the final falling out, or shedding,
of the milk tooth, whose place it takes. Thus cvery milk
tooth is replaced by a tooth of what is termed the permanent
dentition. The permanent incisors and canines are larger than
the milk teeth of the same name, but otherwise differ little
from them. The permanent molars, which replace the milk
molars, are small, and have only two points in their crowns,
whence they are called bicuspid. They never have more than
two fangs. .

853. The Permanent Molars.—We have thus accounted
for twenty of the teeth of the aduit. But there are thirty-two
teeth in the complete adult dentition—twelve grinders being
added to the twenty teeth which correspond with, and replace,
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those of the milk set. When the fifth, or hindermost, dental
sac of the milk teeth is formed, the part of the groove which
lies behind it also becomes covered over, extends into the back
part of the jaw, and becomes divided into three dental sacs.
In these, papillee are formed and give rise to the great perma-
nent back grinders, or molars, which have four, or five, points
upon thcir square crowns, and, in the upper jaw, commonly
possess three fangs. . !

The first of these teeth, the anterior molar of each side, is
the earliest cut of all the permanent set, and appears at six
years of age. The last, or hindermost, molar is the last of all
to be cut, usually not appearing till twenty-one or twenty-two
years of age. Henco it goes by the name of the “wisdom
tooth.”

Section IV.—Muscular and Nervous Tissues.

354. Muscle, Striated and Smooth.—Muscle is of two
kinds, striated and smooth. Striated muscle, of which all
the ordinary muscles of the trunk and limbs consist, is com-
posed of bundles of fibres, usually united at their ends to cords
or sheets of connective tissue—the tendons (see Chapter ‘VIIL.).
The bundles are enveloped in, and bound together by, connec-
tive tissue, which supports the vessels and nerves of the mus-
cle, and sometimes forms a dense sheath on its exterior, called
a fascia. -

Into the ultimate striated muscular fibre neither vessels,
nor connective tissue, enter. Each fibre is, in fact, enveloped
in a sheath formed by a tough, elastic, transparent, structure-
less membrane, the sarcolemma (Fig. 119).

The sarcolemma is not contractile, but its elasticity all ows
it to adjust itself, pretty accurately, to the changes of form of
the contractile substance which it contains.

This contractile substance, when uninjured, presents a very
strongly-marked transverse striation, its substance appearing to
be composed of disks of a partially opaque. substance, in regu-
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lar alternation with others of a more transparent matter. A
more faint longitudinal striation is also observable. When
the sarcolemma is torn, the contractile substance either divides
into disks (Fig. 118), or more frequently and readily breaks
up into minute fibrille (Figs. 116, 117), each of which, viewed
Fia. 116,

Fia. 118

Fra. 119,

Fig. 116.—A muscular fibre, devoid of sarcolcmma, and breaking up at one end into its

Fig_ 117.—8eparate fibrille,

Fig. 118.—A muscular fibre breaking up into disks.

Fig. 119.—A muscular fibre, the contractile substance of which (a) is torn, while the
sarcolemma (b) has not given way. i

by transmitted light, presents dark and light parts, which al-
ternate at intervals exactly corresponding with the distance of
the transverse stri in the entire fibre. Nuclei are observed
here and there in the contractile substance within the sarco-
lemma.

In the heart, the muscular iibres aro striated, and have the
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same essential structure as that just described, but they possess
no sarcolemma.

Smooth muscle consists of elongated band-like fibres, de-
void of striation, each of which bears a rod-like nucleus. These
fibres do not break up into fibrille, and have no sarcolemma
(Fig. 11).

Fic. 123,

Fig. 120.—A nerve fibre in its fresh and unaltered eondition.

Fig. 121.—A nerve fibre in which the greater part of the sheath and coagtflated con~
tents (a2 b) bave beenstripped off from the axis eylinder (¢ c).

Fig. 122.—A nerve fibre, the nrper part of which refains its sheath and coagulated
contents, while the axis cylinder (@ @) projects.

Fig. 123.—A ganglionic corpuscle—a, its nucleus.

355. Nervous Tissue.—Nervous tissue contains two ele-
ments nerve fibres and ganglionic corpuscles. Ordinary mnerve
fibres, such as constitute the essential constituents of all but the
olfactory nerves, are, during life, or when perfectly fresh, sub-
cylindrical filaments of a clear, somewhat oily, look. Baut,
shortly after death, a sort of goagulation sets up within the .
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fibre, and it is then found to be composed of a very delicate
structureless outer membrane (which is not to be confounded .
with the neurilemma), forming a tube, through the centre of
which runs a solid filament, the azis cylinder. Between the
axis cylinder and the tube is a fluid, from which a solid, strongly
refractiug matter has been thrown down and lines the tube.
Such is the structure of the larger nerve fibres, which lie,
side by side, in the trunks of the nerves, bound together by
delicate counnective tissue, and enclosed in a sheath of the
same substance, called the neurilemma. In the trunks of the
nerve the fibres remain perfectly distinct from one another,
and rarely, if ever, divide. But when the nerves enter the
central organs, and when they are distributed, the nerve fibres
frequently divide into branches. In any case, they become
gradually finer and finer; until, at length, axis cylinder, sheath,

o

Fia. 124.
Papille of the skin of the finger.—a, a large papilla containing a tactile curpuscle S,?

with its nerve (d); , other papille, without corpuscles, but containing loops
vessels, ¢

and contents are not separable, and the nerve becomes a ho-
mogeneous filament, the ultimate termination of which, in the
sensory organs and in the muscles, is not yet satisfactorily
made out.

12%
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856. Tactile Corpuscles.—At page 181 mention is made
of peculiar bodies called factile corpuscles, oval masses of spe-
cially modified connective tissue in relation with the ends of the
nerves in the papille of the skin. In Fig. 124 four such
papille, which have been rendcred transparent and stripped
of their epidermis, are seen, and the largest contains a tactile
corpuscle (¢).

In the central organs, on the other hand, it is certain that,
in many cases, the fine ends of the nerve fibres are continued
into the processes of the ganglionic corpuscles.

The olfactory nerves are pale flat fibres, without any dis-
tinction into axis, cylinder, and contents, but with nuclei set
at intervals along their length. '

857. Ganglionic Corpuscles.— Ganglionic corpusoles are
chiefly found in the cerebro-spinal axis; in the ganglia of the
posterior nerve roots, and in those of the sympathetic; but
they occur also elsewhere, notably in some of the sensory
organs (see Chapter X.).

They are spheroidal bodies, containing a central cavity, in
which a nucleus lies (Fig. 123, e), and sending off one, two,
or more prolongations, which may divide and subdivide; and
which, in some cases, unite with the prolongations of other
ganglionic corpuscles, while, in others, they are continued into
nerve fibres.
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CHAPTER XIV.
SCOPE AND AIMS OF HYGIENE.

858. Twofold Value of Knowledge.—Knowledge may be
considered ‘as having a twofold value, intellectual and practi-
cal. In an intellectual point of view, all real knowledge, no
matter how great or how small the subject, how near or how
remote, how useful or how useless, has a value which is due to
intrinsic truth, to the' pleasure of its pursuit, and the mental
benefits which result from its acquisition. The pure love of
truth, for-its own sake, is & very powerful incentive to the well-
cultivated intellect, and is the main impulse which has prompt-
ed to scientific research and the extension of the boundaries of
knowledge. But it sometimes becomés'so absorbing a passion
as to obscure that value of knowledge which lies in its uses.
Science- elucidates the laws of nature, and the human mind
has a high satisfaction in this work, but the principles of
science have an exalted value in their applications to art, or as
farnishing enlightened rules of action.

859. Practical Knowledge.—Knowledge has thus a prac-
tical value; but by this I do not mean :1erely its application
to productive occupations, as the mechanic arts or agriculture,
although it has a high value here. By practical knowledge is
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to be properly understood that which is capable of serving
for guidance in the various circumstances of life, or which
has a definite bearing on human welfare. Man is a being
constituted for action; all knowledge which will enable him to
act most efficiently, which will help him to economize his
energies and gain the largest results with the smallest expen-
diture of force, is practical knowledge. He is an organized
being of high complexity; his system is liable to derangement
from many canses, which produce bodily and mental suffering
and disease ; the knowledge which is necessary to avoid these
results is practical knowledge. He is a social being, and capa-
ble of varied enjoyment: whatever understanding of his own
nature, or the laws and constitution of society, will help him
to the discharge of his social dutics, or enable him to increase
his happiness, is also of the nature of practical knowledge.
860. Applied Physiology.—In the previous part of the
present work the student has been occupied in getting an un-
derstanding of the truths of physiological science, or the ac-
tions of the living system in normal conditions. This knowl-
edge has two great practical applications: the first to Hygiene,
or the art of preserving health ; and the second to Medicine, or
the art of restoring it. When the vital machine has once be-
come seriously deranged in any of its movements, profound
knowledge and great skill and cxperience may be required to
set it right again, and this is the work of the physician, who
has to devote his life to professional study. But happily it
requires less knowledge to keep what we already have than to
recover it when lost. How to take care of the health, or to
avoid many causes of disease, may be learned by all. That
general acquaintance with the mechanism and working of the
living system, which all persons, even moderately educated,
should possess, is not only valuable to guard it against in-
jury, but also to improve its various powers and capabilities.
If life and its opportunities be valuable, what knowledge can -
compare in importance with that which teaches how it is to be
prolonged and its various capacities augmented ¢ :
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361. False Conceptions of Disease.—In early ages it was
the custom to explain all effects in nature by supposing per-
sonalities like our own which produced them. The air, the
-earth, the forest, the streams, the sea, were peopled with ima-
ginary beings, who were believed to be the agents by which
all the operations of nature were carried on. - The regular ac-
tions of the living system were thought to be due to spirits
which inhabited it, and its disorders to the agency of evil
spirits. Though these superstitions long since passed away,
the ideas which replaced them involved errors of a kindred
nature.  Diseases were no longer considered as personal
agencies to be driven out by exorcism, but there still lingered
the idea that they were things, independent existences or en-
tities, which were in some mysterious way thrust into the sys-
tem, and “expelled” from it by the action of medicines.
Vague notions of this kind still widely prevail, and great num-
bers regard diseases as things that come arbitrarily, or are
“sent” by Divine Providence as judgments or pumshments
for sins.

Views of this kind are unfavorable to h) gienic efforts.
We can easily understand that minds fully possessed by them
will tend to a passive acquiescence in what is felt to be un-
avoidable, and the propitiation of Divine favor by fasting,
humiliations, and prayers, will take the place of intelligent,
vigilant, and systematic measures for the prevention of disease.
In past times, indeed, such notions have operated as powerful
hinderances to hygienic precautions. - When quarantine regu-
lations were first instituted to prevent the spread of contagion
by ships from port to port; and when vaccination was proposed
as a preventive of small-pox, religious ideas were aroused into
antagonism, and these beneficent measures were denounced as
impiously contravening the Divine designs which employed
plagues as scourges to punish the transgressions of mankind.
In this way false theories of the nature and causes of disease
acted as an obstruction to hygienic improvement.
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862. The true Idea of Health and Disease.—Modern
physiology has brought us to a better understanding of the
subject. As stated in the first chapter, and as illustrated
throughout the work, physiology is the science of vital power.
Power is the accompaniment of matérial change, and the man-
ifestation of all animal functions we have seen to be dependent
upon vital transformations. Not only is the living body in
constant visible movement, but in all its minutest parts and tis-
sues there is an incessant metamorphosis—a rapid escape and
renewal of the constituent atoms, and it is in this that life essen-
tially consists, That active and unimpeded metamorphosis and
prompt elimination of waste products which gives rise to the
highest ard most vigorous life, constitutes Heavtr ; while the
obstruction, depression, or perversion of these vital changes
constitutes Diszase. We thus escape from the mischievous
error that maladies are foreign intrusions—substantive exist-
ences which get mysterious lodgment in the living organism, -
and find that they are simply disturbed physiological actions.
A disease may consist in the loss of power to remove or ex-
crete normal but injurious products; or perverted transforma-
tions may give rise to wrong products, and these may create
still fartheér disturbance, but in all cases the essence of dls«.ase
is to be regarded as morbid activity.

Gout, for example; is a malady in which bad bablts pervert
the nutritive changes and originate morbid products ;—its chief
peculiarity being the deposxt.lon of urate of soda in and about the
joints: In health there is scarcely a-trace of this salt to be
found in the blood, and even this small proportion is being con-
stantly thrown off. Certain conditions of living, however, such as
the habitual use of wines or malt liquors, and high feeding upon
animal substances, attended -with but little exercise, are known
greatly to increase its quantity and.'seriously to interfere with
its excretion. It is then deposited as a foreign or morbid in-
gredlent in the joints. . Careful avoidance of the causes which
give rise to this condition of the blood secures complete:free-



SCOPE AND AIMS OF HYGIENE. 279

dom from attack, even in those who may have inherited a
strong predisposition to the disease.

363. Control over the Causes of Disease.—We have seen
how directly and vitally the great functions of the system are
dependent upon various conditions, such as diet, air, water,
clothing, exercise, by which the healthy ‘changes of life are
carried forward. Those agencies, in their right action, are
causes of health; but when altered in their influence, they be-
come causes of disease. The vital supply of gases, liquids, and
solids, which maintain the transformations of life, if deficient
in quantity or deteriorated in quality, speedily produces bodily
derangement; while just in proportion to the importance of
these normal actions is the evil of their effects when perverted.
By the power which intelligence confers over these conditions,
man has a large control over the causes of disturbed health.
Diseases may baffle the physician’s penetration -and defy his
remedial skill ; but, what is of far more importance, hygienic
knowledge enables us to avoid them. The efficiency of pre-
vention is proverbial, and we have examples of the value of
sanitary knowledge and precautions on the most impressive
scale.

364, Examples of the Application of Hygienic Principles.
—Cholera may be taken as au illustration. - In former times,
when sanitary questions were but little understood, the ap-
proach of this terrible disease struck terror into the hearts of
the people, who were powerless, as the pestilence swept away
multitudes of the population of the principal towns. Its
coming was awaited with a horrible dread; and when it ap-
peared, all efforts were addressed to the relief of those attacked,
and medicines, though almost uniformly powerless, were, never-
theless, almost the: sole resource of the physician. But the
conuection between the disease and certain conditions, as filth,
bad air, overcrowding, and irregularities of living, so common
in cities, began at length to be perceived, and steps taken to
remove the causes.. The adequacy of these measures has been
fully vindicated, and, with the knowledge that its conditions
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are controllable, the predisposing alarms have ceased, the rav-
ages of the epidemic have been greatly circumscribed, and
there is the amplest expericnce to show that thorough, yet
simple, measures of purification are sufficient for its complete
prevention,

Another example is furnished by Scurvy. This disease,
which, until recently, has been the scourge of the sailor and
soldier, and for centuries was regarded as wholly beyond the
power of remedies, also turns out to be fully preventable.
¢ There is no morc interesting fact in the history of medicine
than that this condition, which has been looked upon at various
times as plague, as a mysterious infliction of Divine justice,
against which man could only strive in vain, or as a disease
inseparable from long voyages, should have been proved by
evidence of a most satisfactory character to ‘arise from causes
in the power of man to prevent, and to be curable by means
which every habitable country affords.” Instead of inquiring
into the conditions of its origin, and seeking means of preven-
tion, the medical profession was for hundreds of years en-
gaged in ransacking nature, with the hope of finding some-
thing that might prove an effectual remedy. This was sought
in vain until attention was turned to its cause, which was
found to conmsist in a lack of vegetable food, and the sim-
ple precaution of furnishing it has been the signal for the
almost total disappearance of the disease, Many other illus-
trations might be given of the efficiency of hygienic resources
to arrest and prevent the spread of dangerous maladies, but
they are needless.

365. Remedial Influence of Hygienic Agencies,—Another
important consideration deserves to be stated in this place: it
is that hygienic measures have a most important remedial
value. If the causes of health, when modified or perverted,
become causes of disease, to whatever extent restorative medi-
cines may be desirable, it is certain that the first dictate of
wisdom is to rectify these wrongly-acting causes. Medical
treatment, thus, has its hygienic resources, and, with the en-




SCOPE AND AIMS OF HYGIENE. 281

largement of rational experience, these resources are coming
into greater and greater prominence. All who have watched
the progress of the healing art in recent times, will note that
-among the most enlightened practitioners there has been a
steadily diminishing confidence in medication, and an increas-
ing reliance upon the sanitary influence of nature. It is noto-
rious that in proportion to people’s ignorance of their own con-
stitutions and the true causes of disease, is their credulous
confidence in pills, potions, and quackish absurdities, and
while this ignorance .continues, there will of course be plenty
of doctors who will pander-to it. And not the least of the
benefits which will follow the better diffusion of physiological
and sanitary information will be the protection of the com-
munity from the numberless impostures of charlatanism and
a better discrimination of the qualifications of competent phy-
sicians,

366. Hygienic Knowledge inevitably beneficial.—It is
often said to be unnecessary to increase and diffuse knowledge
on the subject of preserving health, as people will not use
that which they already have. It is true that often they do
not; and this is part of a still larger truth, that only rarely
does human action completely conform to the state of intelli-
gence. That derangement of the organism which constitutes
a form of insanity, in which the intellect sees what is right,
while the dizeased impulses drive irresistibly toward the wrong,
is but a morbid exaggeration of the common experience of
mankind, who “see the right, but still the wrong pursue.”
But when due allowance is made for the force of habit which
urges people on in the old courses, after they are reprobated by
the judgment, there will be found still a constant tendency to
adjustment between thought and action. Character, which is
that organic stamp or moulding of human nature by which its
actions are determined, adapts itself but slowly to ideal states;
still, such adaptation is constantly going forward, and it is in
this that human progress essentially consists. In the matter
of hygiene, much, as we have seen, has already been done to
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make action harmonize with thought, while the more vividly
truths are mentally realized, the more powerful will be the ten-
dency to bring practice into conformity with them. While,
thercfore, it is not to be expected that, by the introduction of
the study of physiology and hygiene into schools, disease will
at once disappear, and everybody live to be a hundred years
old, it is nevertheless certain that the diffusion of this kind of
knowledge is the only road to amelioration. As it has
~alady led to great improvement, it cannot fail, in fature, to
lead to still more extensive improvement.
In the following chapters I prepose to call attention to the
. various agents and activities which have a bearing, more or less
direct, upon bodily and mental health.

CHAPTER XV.
AIR AND HEALTH.

Secrion L.—Impurities of the Air,

367. Constitution of the Atmosphere.—The chief constit-
uents of the atmosphere are a pair of elements, oxygen aud nit-
rogen, and a pair of compounds, carbonic acid and watery
vapor. The student will remember that, in treating of respira-
tion (Chap. V.), it was stated that oxygen forms 21 per cent. and
nitrogen 79 per cent., very nearly, of the bulk of the air. Oxy-
gen is the life-sustaining element, and requires to be kept
up to this standard for healthy respiration. Nitrogen is the
negative or diluting element of the air. The proportion of
carbonic acid varies from' three to six parts in 10,000, while
the watery vapor varies also from 4 to g}y of the atmos-
pheric volume. Minute traces of other substances may also
be obtained, but the foregoing  constituents, in the propor-
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tions named, form.the external atmosphere, or what is com-
monly known as pure air..

But air. is rendered 1mpure or unfit for respiratory pur-
poses both by disturbance in. the. proportion of its normal con-
stituents, and by many substances in the shape of gases, vapors,
and- solid ‘particles which are thrown into it from numberless
sources. Those arising from the habitations and works of
men are of the most importance, in a hygienic point of yiew,
both because we are constantly exposed to their influence, and
because they are most completely subject to control.

368. Their Relation to the Senses.—Many of these impuri-
ties can be detected neither by taste nor smell, and are inhaled
without any knowledge of their presence. Others are recog-
nized at first; but as the nerves soon lose their delicate sensi-
bility of discrimination, the senses are unreliable monitors,
Hence, injurious influences, that do not result in immediate and
painful. disease, are generally apt to' be neglected.. There. is,
besides, a false logic in the case, it being inferred that, because
the senses lose their susceptibility to morbific influences, the
system therefore becomes accustomed and adapted to them,
when they cease to be detrimental. But no error could be more
pernicions, as it leads to carelessness -and indifference with
respect to those insidious agencies which slowly and silently
gap the foundations of health. Common instinct is sufficient
to guard against palpable causes of injury; intelligence alone
can protect us from the latent and deeper agencies of physio-
logical mischief.

369. Carbonic Acid as an Impurity.—This substance is
constantly gencrated in the body, and is therefore, to a cer-
tain extent, one of its  natural constituents. But, when not
promptly thrown from the system, its actioi becomes quickly
injurious. The proportion of carbonic acid naturally existing
in the atmosphere we may assume to be inoffensive, but all
increase is deleterious. Air containing 1 per cent. of it is
soporific, depressing, and produces dulness and headache.
From 5 to 8 per cent. renders it dangerous to breathe, while
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10 to 12 per cent. makes it speedily destructive to life,. When
breathed pure it causes suffocation. Air contaminated with
it acts as a narcotic poison. The symptoms of poisoning by
it are throbbing headache, with a feeling of fulness and tight-
ness across the temples, giddiness, and palpitation of the heart,
The pulse falls, respiration is slow and labored, the skin cold
and livid, and convalsions and delirium ensue, which are fol-
lowed by death.

A cubic foot of air of average purity contains a little less
than a cubic inch of carbonic acid. A cubic foot of air, as it
comes from the lungs in ordinary respiration, contains up-
.ward of 70 cubic inches of carbonic acid. The quantity
poured into the air by combustion is enormous. In Manches-
ter, England, Angus Smith has calculated that 15,000 tons are
daily thrown out. The products of firing pass into the exter-
nal air, and, if gaseous, are rapidly diffused, but those of light-
ing are for the most part allowed to disseminate in the apart-
ment. The combustion of 1 cubic foot of coal gas consumes
the oxygen of 10 cubic feet of air, and produces 2 cubic feet
of carbonic acid. The combustion of a pound of oil consumes
the oxygen of 130 cubic feet of air, and produces about 21
cubic feet of carbonic acid. A person, by breathing, adds 1
per cent. of carbonic acid to 55} cubic feet of air in an hour,
which would vitiate to this extent 1 foot per minute, while
this effect is much increased by the surface exbalations. These
facts show the rapidity with which the breathing medinm of
inhabited apartments tends to become deteriorated.

870. Watery Vapor as an Impurity.—Air saturated with
moisture acts injuriously upon the system by refusing to re-
ceive the perspiration which is offered to it by the skin and
lungs. This produces the feeling of oppression and languor
which even the most robust often feel in close and sultry days.
By this obstruction of insensible perspiration, not only are the
waste matters generated in the system unduly retained, but
miasmas introduced through the lungs by respiration are pre-
vented from escaping. This would lead us to expect a greater
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prevalence of cpidemic diseases in moist than in dry districts,
a fact observed in the case of cholera, which follows the banks
of rivers, and revels in damp, low situations. Moisture joined
with warmth has a-relaxing and weakening influence upon the
body. . The debilitating effect of the sirocco upon the system,
and its lowering and dispiriting influence upon the mind, are
due to a heated atmosphere surcharged with moisture. Air,
cold and damp, has a peculiarly chilling and penetrating effect,
as illustrated by the east winds of spring in New England.
Dry air, by promoting the insensible perspiration, has a
strengthening, exhilarating influence. Cold, dry air is invig-
orating. Too dry an atmosphere, however, desiccates the
* exposed surfaces, and tends to inflame them. Dry climates,
which quicken evaporation, are recommended for relaxed and
languid constitutions, with profuse secretlon, as in cases of
humid asthma or chronic catarrh,
371. Organic Matter.—This is a common impurity of the
atmosphere, and is often. present in dangerous proportions,
It exists in the form of vapors, or suspended matters, and is
found most abundantly diffused in the air of dwellings, hos-
pitals, ete., and in the vicinity of decaying organic substances.
In health it is thrown off from the lungs by the process of
respiration, and also by exhalation from the skin. The quan-
tity has been estimated all the way from 10 to 240 grains per
.diem for each adult. It varies, however, with the circum-
stances, the body excreting a much greater amount during a
state of activity than when it is inactive. That coming from
the lungs consists of an organic vapor, holding in suspension
epithelium cells that have become detached from the mucous
surfaces of the air-passages, pharynx, mouth, ete. By the
skin more is given out. Twice as much moisture leaves the
body by this route as by the lungs, and it carries with it into
the atmosphere fatty matters, epidermic debris, and also small
quantities of urea.
This organic matter, when drawn through sulphuric acid,
darkens it; through permangauate of potash, decolorizes it;
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and through pure water, renders it offensive. It is probably
in a state of combination with water, as the most hygroscopic
substances, such as wool, feathers, and damp walls, absorb it in
largest quantities. . It has a pecaliar, feetid suell, and on decom-
position yields ammonia, being therefore nitrogenous. It is
oxidized slowly, aud is supposed to float through the air in
clouds.instead of undergoing rapid diffusion. The feetid odor
of a bedroom in the morning, after it has been occupied
during the night, well attests the presence of these organie
vapors in the air. '

In the air of sick-rooms and hospitals organic matters ac-
cumulate in large quantities unless there is the most thorough
ventilation. In.addition to the amount contributed by respi-
ration, which is often much larger in sickness than in health,
the exhalations from the skin are greatly increased, and large
quantitics of effluvia also escape from the discharged evacu-
ations. Moscatti, who condensed the watery vapor of a hos-
pital ward at Milan, describes it as being “slimy, and having a
marshy smell” The dust of a ward in St. Louis, in Paris,
was discovered by Chalvert to contain, in one experiment, 36
per cent., and in another, 46 per cent. of organic matter, which
consisted chiefly of epithelium, and when burnt gave an odor
of horn. Pus-cells have been discovered in the air of an oph-
thalmic ward, and epithelium-cells are found in that of all ill-
ventilated rooms. It is very likely that the specific poison of
small-pox, scarlet fever, measles, diphtheria, etc., consists of
molecular organic matter thrown off from the skin and mucous
surfaces. If not rapidly oxidized, it no doubt retains its poi-
sonous properties, and through the medium of the atmosphere
conveys the discase. It is also equally probable that the ema-
nations from cholera evacuations may, through the medinm of
an impure atmosphere, propagate cholera.

In the air of dwellings, starch-cells, particles of cotton,
wool, etc., are very common. Injurious exhalations from the
imperfect combustion of oil, tallow, gas, and other illuminating
substances, are scarcely less so.
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The action of these various forms of organic matter upon
the system is regarded as directly poisonous. Hammond found
in an atmosphere charged with this impurity, and from which
the carbonic acid-and -moisture had been withdrawn, that a
mouse died in 45 minutes. Dr. Parkes says that he has known
cases “in which the inhalation of such an atmosphere for three
or four hours produced in men decided febrile symptoms, in-
creased temperature, quickened pulse, furred tongue, loss of
appetite, and thirst, for even 24 or 48 hours subsequently.”

872. The Cellar a Reservoir of Bad Air.—Confined air,
without access of sunlight; soon becomes dank and unwhole-

_some. In the cellars of dwellings this is & common condition
during a large part of the year ; the confined air is loaded with
dccomposing organic matter, given off from the masses of de-
caying vegetables with which they are stored. This foul air
reaches the inhabitants of upper apartments in such small quan-
tities as not usually to produce any marked manifestation of
disease, yet dangerous fevers have often arisen from neglect
of cleanliness in this particular.

" Secrion IL—Morbid Effects of Impure Air.

878. In the Case of Various Trades—The most palpable
examples of the injurious effects of breathirg contaminated
air are furnished by the circumstances of certain industrial
occupations. As a class, the miners of England break down
prematurely from bronchitis and pneumonia, caused by the at-
mosphere in which they live. The colliers of Durham and
Northumberland, however, where the mines are well ventilated,
do not appear to suffer from an excess of pulmonary disease.
In the various trades, involving the inhalation of much dust
by the workmen, bronchitis and its attendant disease, em-
phbysema, are very common. In the pottery trade, this malady
occurs so frequently as to be known as the * potter’s asthma.”
Stone-cutters, grinders in steel, button-makers, workers in
flax ‘factories, etc., are all specmlly liable to bromchitis. Dr.



288 ELEMENTARY HYGIENE,

Grenhow states that, of 107 flax-factory operatives, whose
cases were taken indiscriminately, 79 were suffering from bron-
chial irritation, and in 19 of these there had been haxmoptysis.
Among 27 hacklers, 238 werc diseased. . The suspended parti-
cles are drawn into the air-passages at each inhalation, and
there find lodgment upon the delicate mucous surfaces with
which they come in contact. The irritation thus set up dis-
turbs the working of the lungs, and, if maintained, eventually
ends in organic disease. :

Brass-founders, coppersmiths, plumbers, white-lead manu-
facturers, house-painters, workers in mercury, match-makers,
are all subject to peculiar forms of disease produced by
inhaling the fumes with which their business contaminates the
air. These fumes gain access to the blood, and through this
to the whole system, producing severe local disturbance in
many cases, and always aflecting the general health.

374. Scrofula.—The accumulation of carbonic acid and
organic matter in ill-ventilated dwellings, workshops, hospitals,
and other places, by its depressing and disturbing influence
upon the vital powers, is promotive of various disorders, but
of none more generally than that imperfect and perverted
state of the nutritive functions known as scrofula. Baudo-
loque, an eminent-French physician, affirms ¢ that the repeated
respiration of the same atmosphere is a primary and efficient
cause of scrofula” and that “if therc be entirely pure air,
there may be bad food, bad clothing, and want of personal
cleanliness, but that scrofulous diseases canmot exist.” Again
he says: “Invariably it will be found on examination that a
truly scrofulous disease is caused by a vitiated air, and it is
not always necessary that there should have been a prolonged
stay in such an atmosphere. Often a few hours each day is
sufficient, and it is thus that persons may live in the most
healthy country, pass the greater part of the day in the open
air, and yet become scrofulous, because of sleeping in a con-
fined place where the air has not been renewed.”

When scrofula localizes iteelf in the lungs, there is pulmo-
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nary or tubercular consumption. The tubercles which in this
disease make their appearance in the pulmonary organs, con-
sist of crude, coagulated, half-organized masses of albumen,
the abortive products of incomplete nutrition. In this manner,
bad air, by producing the strumous condition, becomes a cause
of consumption. It seems but natural to expect that the or-
gans with which the foreign ingredients of the atmosphere
‘come more immediately into contact, and the blood-vessels of
which they must enter on their passage into the system, should
feel in a distinctive manner their noxious influence. This ex-
‘pectation is strengthened by observation and experiment upon
‘both men and animals. It is a matter of common knowledge
ax’nongst physicians that where individuals habitually breathe
impure sir, and are exposed to the other debilitating causes
which generally influence more or less the inhabitants of dark,
ill-ventilated dwellings, scrofula,and consumption as one of
its forms, are very apt to be engendered. In 1832, at Nor-
:wood School, in England, where there were 600 pupils, scro-
fula broke out_extensively among. the children and carried off
great numbers. This was ascribed to bad and insufficient
food. Dr. Arnott was employed to investigate the matter,
and immediately decided that the food ¢ was most abundant
and good,” ussigning ¢ defective ventilation and consequent
atmospheric impurity ” as the true cause.

875. Effects of the Air of Smk-Booms.—The 1mpunt1es
of a sick-room atmosphere cousist largely of organic matter,
which not unfrequently bears the specific poison of the disease.
This is the case with the exanthemata as well as with other
contagious febrile affections. On uncovering a scarlet-fever
patient in the direct rays of the sun, a cloud of fine dust may
be seen to rise from the body—contagious dust, that in unven-
tilated localities is but slowly dispersed or destroyed, and that
may for days refain its poisonous qualities. Diseases of this
character ‘are undoubtedly propagated in other ways, but a
confined atmosphere probably does more than all other causes
put together toward aiding their diffusion,

13
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Besides bearing the specific poison, an atmosphere of this
character is exceedingly depressing to those brought within
the range of its influence. Interfering with the aeration and
the nutritive capacity of the blood, it lowers the powers of the
system, and thus paves the way for epidemic visitations of a
malignant and fatal type.

376. Effects of Impure Air upon the Course of Disease.
—TFoul air increases the severity of disease, rendering a fatal
result much more probable, and, even if this is avoided, greatly
prolongs the period of couvalescence. It also predisposes to
complications, and renders recovery more likely to be followed
by subsequent trouble. This appears to hold true of all dis-
eases, but especially of the febrile. It is known that in the
treatment of typhus and typhoid fevers, the freest ventilation,
even to the extent of placing the patient in the open air, re-
duces their mortality more than half, and greatly shortens the
time of recovery. A like provision in the treatment of scarlet
fever, measles, small-pox, diphtheria, etc., not only renders them
much less severe, but does away in a great degree with the
necessity for medication, and also markedly diminishes the
liability to those distressing sequelee which in less favorable
conditions so often supervene.

877. Consumpticn.—Probably those afflicted with con-
sumption and other pulmonary complaints suffer more from
the effects of foul air than any other invalids. The reason is
obvious. The capacity of the lungs is more or less reduced,
hence less air can be conveyed to the blood, and if this is de-
ficient in oxygen and contains impurities, the blood is directly
affected and the malady much aggravated.

878. Its Effects upon Inherited Taints.—Inherited ten-
dencies to disease, particularly of a scrofulous character, are
rapidly developed by impure air. The incompleteness of nu-
trition gives strength to the lurking predisposition. Instances
are constantly recurring in which consumptive tendencies are
developed to a fatal issue through various bad conditions,
impure air being the most potent agency. And physicians




MORBID EFFECTS OF IMPURE AIR. 291

are aware that the constant presence of a purc atmosphere,
with other means for healthy nutrition, will hold the predis-
position in check, and maintain the system above the plane
of its influence. ,

379. Morbid Mental Effects of Bad Air.—Breathing an
impure atmosphere injures’the mind as well as the body. If
the blood which is sent from the lungs to the rest of the sys-
tem is imperfectly aerated, no organ feels it more than the
brain. Its immediate effect is to cloud the mind and depress
its energy ; sharpness of attention, clearness of apprehension,
and readiness of memory are all impaired. ~ “ The health of
the mental and bodily functions, the spirit, temper, disposi-
tion, the correctness of the judgment and brilliancy of the
imagination depend directly upon pure air.”

Dr. Ray remarks : “In a school, or hospital, or other con-
siderable assemblage of people, the purity of the air may be
pretty accurately measured by the amount of cheerfulness,
activity, and lively interest which pervades it; and yet so
little do people think or care about this subject, that under
existing arrangements therc are very few who do not every
day of their lives inspire more or less highly vitiated air. The
listlessness and stupidity of students, and especially of children
confined in the school-room, are often due to the bad state of
the air they breathe. Using the brain in a vitiated atmos-
phere is like working with a blunted instrument, and the effect
of course must be aggravated where the inexpericnced are first
learning the use of the instrument. ‘

Section HL— Purification of the Air.

380. Nature's Resources.—The purification of the general
atmosphere is maintained by various agencies. By the law
of diffusion all gases intermingle, so that where impurities are
set free at any point they tend to exhale, or diffuse away, and
thus become weakened and lost in the great body of the at-
mosphere. Diffusion may take place through the chinks and
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openings of rooms, but it proceeds so slowly that it is not to
be relied upon for ventilation. The mixture of large masses
of air and the dispersion and dilution of local impurities are
also effected by the winds. Gaseous exhalations are washed
out and absorbed from the atmosphere by the fall of rains.
The earth’s vegetation destroys carbonic acid, while the oxygen
slowly burns up the numberless combustible vapors and con-
taminations which are thrown into the air. By these means
the earth’s atmosphere is constant]y maintained respirable and
pure.

381. Ventilation.—The obJect of ventllatwq is to extend
these natural means of purification to the air of dwellings, hos-
pitals, workshops, and, indeed, to all places where impurities
are liable to accumulate and prove injurious. Taking the ex-
ternal air as the standard of purity, it aims to conduct it
through those places in a manner that, without inconvenience to
their inmates, shall accomplish the rapid and thorough dilu-
tion and transfer of whatever impurities their atmosphere may
contain. To do this effectually and without risk to the health
and comfort of the inmates, the ventilation must conform to
certain indispensable conditions. The air which enters must
itself be pure. This may generally be secured by taking it
from almost any exposcd situation, unless there be some special
source of impurity in close proximity. It is desirable, if pos-
sible, particularly in cities, to introduce the air from a level a
few feet above the surface, as there are more or less exhalations
constantly floating in air next the ground.

382. Amount of Air required.—It must be in sufficient
quantity. We find Nature’s standard of purity in the exter-
nal atmosphere, and, other things cqual, the nearer we ap-
proach this in our dwellings, the healthier will be their in-
mates. The earlier anthorities on ventilation varied greatly
in their estimates of the quantity necessary, some placing it as
low as 60 cubic feet per head per hour, while others consid-
ered 500 cubic feet as not too much. More thorough investi-
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gations have since been made, and it is found that even the
highest of these estimates is quite insufficient.

The object to be attained isso to dilute the products of
respiration and transpiration, and of combustion and lighting,
as to kecp the air always pure and fresh. The successive ex-
periments made by Grassi and others have shown that allow-
ances successively given of 10 cubic metres (= 853 cubic feet),
of 20 cubic metres (= 706 cubic feet), of 30 cubic metres (=
1,059 cubic fect), were not enough for one man, and the quan-
tity was gradually increased till 60 cubic metres (2,118 cubie
feet) were allowed. The air in the cell of a priconer who re-
ceived this ration seemed pure to the senses, Dr. Parkes’
says: “ From a number of experiments in which the outflow
of air was measured, and the carbonic acid simultaneously de-
termined, I have found at least 2,000 cubic feet per hour must
be given to keep the carbonic acid at 5 or 6 per 1,000 vol-
umes, and to entirely remove the feetid smell of organic mat-
ter.” Dr. Sankey, from careful experiments with a ventilating
fan, found that, when in a ward in the London Fever Hospital
800 cubic feet per head per hour were supplied, the ventilation.
was insufficient.

It has been stated, from extensive observations, that in
mines, if it be wished to keep up the greatest energy of the
men, no less than 100 cubic feet per man per minute (= 6,000
cubic feet per hour) must be given. If the quantity is reduced:
to one-third, or even one-half, there is a decided diminution in
the amount of work performed.

If possible, the supply for the sick should be unlimited.
In somec diseases, so much organic matter is thrown off, that
scarcely any -ventilation is sufficient to remove the odor. Such
diseases as py=mia, typhus and typhoid fevers, small-pox, and
the like, are best treated in the open air. This is found of the
utmost value, more important even than diect and medicines.
Grassi mentions that the air in a ward in the Hospital Necker,
in Paris, was perceptibly tainted by emanations from a can-
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cerous ulcer, although the ventilation at the time was 3,500
cubic feet per head per hour. -

383. Heating the Air.—The temperature of the air must
be carefully regulated. In this climate, cooling the air is rarely
necessary, but in the colder months of the year the incoming
air requires to be warmed sufficiently for comfort, and in such
manner as not to disturb the normal proportions of its con-
stituents. The great danger is that of overheating it, whereby
its capacity for moisture is greatly increased and ventilation
becomes converted into a kiln-drying process scarcely less in-
jurious than impure air. The policy should be to introduce
‘large quantities of air raised only to a proper breathing tem-
perature (80° to 70° Fah.), the temperature to be maintained
by a steady and rapid change, so directed as to remove the
cooler air of the apartment, and replace it with that freshly
warmed. It may be said that this involves a much greater
loss of heat than the opposite course, viz., the raising to a
high temperatare of small quantities of air. Even if this were
true, which is not the case, waste of heat would be far prefer-
able to the loss of health, which the latter process involves,
both by the increased drying power it gives the air, and by
insufficient ventilation.

The heat imparted to the air in this process becomes a
means of promoting its movement. With this as a motive
power, by the aid of flues and ventilating shafts, very thorough
purification may be obtained.

384. Rate of Movement.—The motion of the air must be
imperceptible. Air may move at the rate of 100 feet per
minute without violating this requirement; but it is a much
greater velocity than is needed for ventilating purposes; that
is to say, after the air has once entered the apartment. - In the
flues, of course, a much greater velocity is necessary. If there
is little or no interference from outside currents, the air within
the building may readily be made to move in a body from
above downward, and the rapidity of its movement can be
easily regulated. It may be objected to this downward move-
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ment that the natural tendency of impurities is upward, with
the course of the warmer air, and that by being made to take
a downward direction they are brought back again to be re-
inhaled. If it were true that the impurities, as such, imme-
diately rose to the ceiling and escaped from the apartment,
the objection would hold; but this is not the case, On
the contrary, it is known that the carbonmic acid and other
gaseous impurities are equally diffused, and the weight of the
organic substances and other suspended matters leads to the
inference that they would gravitate toward the floor, particu-
larly when rising currents of warm air are excluded, as they
should be, by introducing it at the top of the room. Inno
other way can so steady and equable a movement be obtained
as by introducing the warm air at the top and removing it
below ; and, apart from any theoretical considerations, it is
found to yield excellent practical results.

385. Other Means of Purification.—In certain special
cases where the air is being rapidly contaminated by foul
or poisonous exhalations, and where, either from confinement
or other cause, the purifying agencies of nature are unable to
work with sufficient rapidity and vigor, recourse is had to
various chemical substances, with a view to the immediate de-
struction of such emanations. The more common substances
used as deodorizers and destroyers of foul emanations are char-
coal, compounds of chlorine (or mixtures which evolve this
gas), nitrous acid, and sulphurous acid.

Charcoal presents an immense absorbent surface to the
air, a cubic inch of beechwood coal equalling in surface 100
square feet (Liebig). It is therefore a powerful oxidizer of
organic matter, catching and holding the particles in contact
with oxygen,already within it,until their destruction is accom-
plished. Its cffects are especially marked with sewage gases
and with the organic emanations in disease. Of the different
kinds, animal charcoal is regarded as best for disinfecting pur-
poses.

Permanganate of Potash, or Soda (Condy's Fluid), gives
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off oxygen, and rapidly destroys organic matter. Ammoni-
acal compounds are at once decomposed. Permanganate of
soda, taken into the mouth, quickly destroys the odor of to-
bacco (Hoffman).

Compounds of chlorine act through the liberation of chlo-
rine gas, which rapidly decomposes sulphuretted hydrogen and
sulphide of ammonium, and also destroys organic odors. It
may be obtained by moistening chloride of lime, or soda, when
it slowly escapes into the atmosphere. It is also easily evolved
by mixing 1 part of powdered binoxide of manganese with 4
parts of common salt and 4 of dilute sulphuric acid. - A gentle
heat will aid the evolution. The gas, however, will corrode all
exposed metallic surfaces.

Nitrous acid may be evolved by placing nitre in sulphunc
acid, or by dropping a bit of copper into dilute nitric acid. It
is a very efficient disinfecting agent, but irritating to the air-
passages and lungs. The ease with which it yields up.a por-
tion of its oxygen makes it a powerful oxidizer, which acts
rapidly upon organic emanations. Sulphurous acid is. given
off when sulphur is burned. It decomposes sulphuretted hy-
drogen, and acts with energy upon organic substances.

CHAPTER XVI

WATER AND HEALTH.
Secriox 1.—Physiological Offices of Water.

386. Amount in the Body.—The student is aware that
water is a very large constituent of all parts of the body. The
bones contain 180 parts of it in 1,000 ; muscle, 750 ; brain,
789; blood, 795; and it forms nearly three-fourths the entire
welght of the body
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found free from foreign ingredients, which modify its char-
acter according to the quantity present, and their own pecu-
liar properties. This gives rise to the several varieties
that we know as hard-water, soft-water, mincral-water, and
sea-water. '

892. Soft-Water.—This is water that gives a feeling of
softness in washing, from the absence of certain mineral sub-
stances, which render it rough or hard. Rain-water may be
taken as a fair example, for when caught in the open country,
it is the purest water that Nature provides. It is not entirely
free from foreign matters, however, for, as it falls through the
air, it absorbs oxygen, nitrogen, carbonic acid, ammonia, and
organic substances, and also washes out any impurities which
the atmospherc may happen to contain. Thus, in the vicinity
of the ocean the air contains traces of common salt; in the
neighborhood of cities, various saline, organic, and gaseous
impurities, while dust is raised from the ground and scattered
through it by winds. These are all rinsed out of the air by
rain. In passing through it, water becomes highly aerated;
that is, acquires an atmosphere of its own, which contains from
ten to fifteen per cent. more oxygen than ordinary air. This
gives to water its agreeable taste.

Soft water, which is free from dissolved mineral matters,
makes its way into organized tissues with much more readiness
than hard water. It also exerts a more powerful solvent, or
extractive action, and is thus a better vehicle for conveying
alimentary substances into the living system. In culinary
operations, where the object is to soften the texture of animal
and vegetable compounds, or to extract from them and present
in a liquid form some of their valuable parts, as in making
soups, broths, stews, or infusions, as tea and coffee, soft water is
much to be preferred. .

In consequence of its aeration, rain-water is both healthy
and pleasant as a beverage. The greatest benefits have re-
sulted in many cases from its use, where the spring and well
waters were largely impregnated with earthy salts. :
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893. Hard Water.—Rain-water, as it penetrates the
ground, absorbs a large proportion of carbonic acid from the
air in the interstices of the soil, which is 250 times richer in
this gas tham the air above. The presence of this absorbed
carbonic acid greatly increases the solvent power of water upon
mineral substances. Passing more or less deeply into the
earth, it dissolves various substances which it meets; hence
the difference between spring and well waters, which are gen-
erally hard, and rain-water, which has not come in contact
with the ground. The life and sparkle of spring and well
water are due to the presence of carbonic acid thus taken up,
and when this is found in a considerable degree, it is safe to
infer the additional presence of large quantities of saline impu-
rities. The usual ingredients of well and spring water are lime,
magnesia, soda, and oxide of iron, combined with carbonic and
sulphuric acids, which form carburets and sulphates, Common
salt is also often present. - The most usual ingredients, how-
ever, are carbonate and sulphate of lime. Carbonate of lime,
or limestone, is mnot soluble in pure water, but dissolves in
water containing free carbonic acid. :

The amount of mineral matter found in water varies greatly
The water of the river Loka, in Sweden, which flows over in-
soluble granite, contains only /¢ of a grain of mineral matter
in an imperial gallon. Common well and spring waters con-
tain from 5 to 70 grains per gallon. Sea-water contains 2,600
grains to the gallon; and that from some parts of the Dead
Sea, or the Great Salt Lake of Utab, as much as 20,000 grains
to the gallon.

394. Mineral Waters are usually those of springs which
are highly charged with one or more mineral ingredients.
Those abounding in salts of iron are called chalybeate waters.
If the waters are brisk and sparkling, carbonic acid is present,
and they are termed carbonated, or acidulous.

895. Limestone Waters.—These are also clear, sparkhng
waters, of agreeable taste. They differ from the water of chalk
districts, in containing more sulphate of lime and less carbon-
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ate, and in dolomitic districts much sulphate and carbonate of
magnesia. They contain little organic matter, but are very
hard, soften little on boiling, and are generally unwholesome.

896, S8and and Gravel Waters—These vary in_character
in different regions. Some are very pure, containing less than
5 grains of mineral matter in a gallon, and less than 1 grain of
organic matter. Others again, particularly such as flow over
soft sand-rock, are liable to be very impure, containing much
chloride of sodium, carbonate of soda, iron, and a little lime
and magnesia, amounting altogether to from 30 to 80 grains
per gallon. The organic matter may also be in large amount,
from 4 to 10 grains per gallon, or even more.

397. Alluvial Waters—These are generally highly
charged with carbonate of lime, sulphate of lime, sulphate of
magnesia, chloride of sodium, carbonate of soda, iron, silica,
and often with organic matter. The amount of solids per
gallon ranges from 20 to 120 grams.

898. Surface and Sub-soil Water.—This is oﬂ,en very
impure. Cultivated lands, with rich, manured soils, furnish a
water often containing both organic matter and salts in large
quantity. In towns, and among the habitations of men, the
sarface and shallow well-water frequently contains large quanti-
ties of nitrites and nitrates, sulphates and phosphates of lime,
and soda and chloride of sodium. Organic matter, also, exists
often in large amount. .

899, Marsh-Water.—This is always. xmpure from the
presence of much organic matter, which is chiefly of. vegetable
origin, and varies in quantity from 10 to 50 grains in the gal-
lon. The proportion of mineral ingredients is usually small,
unless the marsh be salt, when the mineral constituents of sea-
water are present. -

400. River-Water.—This varies much in the number and
quantlty of its constituents. Coming from various sources, it
is even more complex in constitution than spring or well water.
Oftentimes it is greatly contaminated by the sewage of towns
and the refuse of manufacturing operations which are carried
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on along its banks, and it is ako llkely to contain a large
amount of organic matter.

401. Sea-Water.—The solid constituents of sea-water
amount to-about 3% per -cent. of. its weight, or nearly half an
ounce to the pound. It is unfit for use unless distilled. It
then answers well for cooking purposes, and, if thoroughly
acrated, is palatable. Any organic matter remaining after dis-
tillation may be removed, by passing the water through a
charcoal filter, or by letting it stand for a few days. Care
should be taken that-no lead finds its way into distilled water,
as it is rapidly taken up. Many cases of lead-poisoning have
occurred on board ships, partly from the use of minium in the
apparatus, and partly from the use of zinc pipes, with lead i
their composition.

402. Purity of Water.—Perfectly pure water can only
be obtained by the most careful processes of distillation, and is
never found as such in a natural state. Hence the difficalty
of defining what are properly impurities, particularly when we
bear in mind the fact that water containing considerable quan-
tities of foreign matter may be used for long periodstogether,
without producing any recognizably injurious results. Expe-
rience has shown, however, that certain conditions are neces-
sary to health, and camnot be neglected with impunity. - The
water should be transparent and colorless, free from odor, and
without taste. It should also be well aerated, and afford no
deposit on standing; .above all, it should be free from organic
matter. Probably the less it contains of saline ingredients the.
better. The Sanitary Congress held at Brussels, in 1853, de-
cided that the total amount ought. not to:exceed 85 grains per
gallon. -But this furnishes no reliable criterion, as a far less
‘quantity of sulphate of lime, or magnesia, is known to be in-
jurious, while the. proportion of - carbonate of lime, or soda,
may considerably exceed this, and produce no mamfestly bad
effects. ’

- 403, Organic Impnntlel in Water.—These vary exoeed-
ingly in character and amouut,.and may be either mechanically
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suspended or dissolved in the water. If suspended, and of
vegetable origin, their presence will often be indicated by a
peculiar yellowish or brownish tinge, such as most are familiar
with in the water of marshes or peat-bogs. If of animal origin,
they may impart no tinge, and are more likely to be dissolved.
They are derived from numberless sources, but those of most
importance, hygienically, are furnished by the habitations and
trades of men. Rain-water carries down from the air floating
organic impurities, and it may also become contaminated by
decaying leaves that have accumulated on the roofs of houses.
Cisterns are also liable to receive impurities from the leaking
of sinks or waste-pipes, or by the washing in of leaves from the
roof. Shallow wells are extremely apt to become contami-
nated by floods carrying in organic surface impurities. Deep
wells frequently drain large areas about them, aud are very
often, particularly in towns, rendered impure and even offensive
by collecting the drainage from cess-pools, vaults, etc. In epi-
demics of typhus and -typhoid fever and cholera, cases have
occurred where it was known that the specific poison of the
disease found its way.into the system by this means. Springs
and streams oftentinies receive the dischargoes from large man-
ufactories ; and although the water appears pure, an exami-
nation reveals the presence of organic matter. The effects of
this contamination may be shown by taking a little of the
sediment that has accumulated at the bottom of a cistern, and
placing it in a bottle of perfectly pure distilled water, when in
a short time, if the weather be warm, it will smell offensively.
Thus, at ordinary summer temperatures, this organic matter is
liable to undergo putrefactive change, and it is then that it ex-
erts its most bancful effects upon the system. This is, no
doubt, one of the causes of the greater prevalence of diarrhceas
and dysenteries during the warmer portions of the year.

Seorion IIL—Morbid Effects of Impure Water. ‘.

404. Dyspepsia,—Water containing sulphate of lime, chlo-
ride of calcium, and the magnesia salts, has a decided tendency
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to produce stomachic and intestinal derangements. Dr. Suth-
. erland found that the hard water of the sandstone rocks, which
was formerly much used in Liverpool, exerted a marked effect
in producing constipation, loosening the secretions, and causing
visceral obstructions ; and in Glasgow, the substitution of soft
for hard water, according to Dr. Leech, lessened the prevalence
of dyspeptic complaints. The exact amount capable of pro-
ducing these symptoms has not been determined. In a well-
water which was found so injurious that men would not drink
it, there were present 19 grains of carbonate of lime, 11 grains
of sulphate of lime, and 13 grains of chloride of sodium per
gallon. The total solids were 50 grains per gallon. Iron, in
quantities sufficient to give the water a slightly ferruginous taste,
often produces dyspepsia, headache, and general uneasiness.

405. Diarrhea.—That this disease often originates in the
use of bad water, there is no doubt. Great numbers of in-
stances are on record where it was traced directly to this
cause, and where its removal was followed by a disappearance
of the disease.

Mincral matters, either dissolved or suspended will give
rise to it if present in considerable quantity. The water of
many rivers holds in suspension fine particles of clay or marl
in great abundance, particularly at certain seasons, and,
if drank for any length of time, will produce diarrhea.
Hammond instances the Mississippi, Missouri, Rio Grande, and
Kansas Rivers as examples. The use of waters containing dis-
solved mineral substances, particularly sulphates, will also cause
diarrheea.  “Parent Duchatelet noticed the constant excess
of patients furnished by the prison of St. Lazare, in conse-
quence of diarrhces, and he traced this to the water, which
‘contained a very large proportion of sulphate of lime and
other purgative salts’” (Parkes). Waters impregnated with
nitrate of lime will produce diarrhcea. Brackish water acts in
the same way, probably from the large quantity of chloride of
sodium it contains, ’

Dissolved or suspended organic matter, whether of vegetable
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or animal origin, will cause diarrhea. In the recent war,
great numbers of cases occurred from the use of marsh or
ditch water, which ceased when wells were sunk. Water con-
taining faecal matter, sulphuretted hydrogen, or other sewage
products, often occasions the worst forms of diarrhces, attended
sometimes with marked choleraic symptoms—-sucb as purging,
vomiting, and cramps—even when the senses give no indica-
tion of these impurities.

The effects of sulphuretted hydrogen are well shown by a
case that occurred in the recent war in Mexico. The French
troops suffered greatly at Orizaba, from the use of water taken
from sulphurous and alkaline springs. This produced dyspep-
sia and diarrheea, attended with enormous cructations after
meals, the erncted gas having a strong smell of sulphuretted
hydrogen. Sewage gases, setting back through untrapped
overflow pipes into tanks and cisterns, oﬁen contaminate the
water very rapidly.

408. Dysentery —This also frequently results from the use
of impure water. The impurities which produce it appear to
be of the same kind as those which cause the allied condition
of diarrheea. © The drainage from grave-yards coutains large
quantities of organic matter and nitrates, and its use is very
liable to produce this disease. Water contaminated by the
discharges of dysenteric patients is known to produce dysen-
tery in others, and thus the disease oftentimes becomes
epidemic. .

407. Cholera.—Symptoms of this malady often follow
the use of water containing sewage or decomposing organic
matter. Many believe that it is capable of producing the dis-
ease, but this -point is still unsettled. The use of water ren-
dered impure by the presence of choleraic evacuations, how-
ever, is known to give rise to the disease in others, and in
towns this is found a ready means of propagation.

In addition to the production of cholera from drinking
water containing cholera-stools, it is quite certain that the use
of impure water of any kind predisposes to cholera, though it
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cannot absolutely produce it. It probably acts by keeping up
a constant irritation in the alimentary canal, thus causing
diarrheea, ‘which in cholera epldemlcs nsually precedes the
outbreak of the graver diseasc.

408. Malarious Fevers.—There is sttong evidence in sup-
port of the belief that these are often produced by drinking
marsh or ditch water, They are supposed to be caused by
some specific poison generated in marshy regions; and that
this may find its way into the blood through the agency of
water, as well as of air, there is no reason to doubt. Mr.
Blower, of Bedford, England, mentions a case in’ which, in the
parish of Houghton, almost the only family which escaped
ague at one time was that of a farmer who used well-water,
while all the other inhabitants drank ditch-water.

Numerous instances point to impure water as a frequent
source of typhoid fever. Doubtless, water contaminated by
decomposing sewage, or evacuations from typhoid patients, not
only predisposes to the disease, but conveys its specific poison,

In yellow fever, like dysentery, typhoid fever, and cholera,
the alimentary mucous membrane is pnmanlv affected. Hence,
there is strong probability that the cause is also swallowed in
this case, and enters with the drinking-water.

409. Qoitre, or enlargement of the thyroid gland, is most
common in limestone regions, and is held by some to be caused
by drinking water highly impregnated with lime and magnesia
salts. Johnst.on states that in the jail at Durham, England,
when the water contained 77 grains per gallon of lime and
magnesia salts, all the prisoners had swellings of the neck.
These disappeared when a purer water, contammg 18 grains
per gallon, was obtained. -

410. Entozoa, or those parasitical creatures which infest
other animals, may find their way into the body by means of
the drinking-water. While some enter with the food, others
(in the embryo state) are known to exist in great numbers in
river-water, and doubtless are often swallowed when such
water is used for drinking purposes.
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Secriox IV.—Purification of Water.

411. Examination by the Senses.—If water is examined
by the unaided senses, the information obtained is very limited
and should not be relied upon. They will only indicate ex-
treme conditions, and are very liable to overlook the most
characteristic impurities. Taste, for instance, even though it
be extremely delicate, is wholly untrustworthy. Organic mat-
ter, when dissolved, is often quite tasteless; 55 grains of car-
bonate of soda and 70 of chloride of sodium per gallon are
imperceptible; 16 grains of carbonate of lime give no taste,
and 25 grains of sulphate of lime very little. If, from its
effects, a given water is suspected of impurity, and its use can-
not be avoided, examination of it should be intrusted to some
competent person.

412. Distillation.—Water may be most thoroughly puri-
fied by distillation, but this is impracticable when considerable
quantities are required, and besides, the water is not fit to drink
until acrated. To render it perfectly pure, it must be redis-
tilled at low temperatures, in silver vessels.

413. Boiling and Freezing.—Boiling kills most ammal
and vegetable organisms that water may contain, expels gases,
and precipitates carbonate of lime. It is the latter that consti-
tutes the fur or crust often seen lining tea-kettles and boilers.

Freezing renders water much purer, by expelling a large
proportion of its saline contents. Carbonate and sulphate of
lime may be thus got rid of. But, like boiling and distillation,
freezing expels the air and thus renders the water insipid. In
all these cases the water regains its palatability on standing.

414. Purification by Chemical Means.—The addition of
two or three grains of alum to the quart cleanses muddy or
turbid water, but often renders it harder than before. When
alum is added, the water should not be used under 24 hours.
Permanganate of potash destroys organic matter and ammo-
niacal compounds by rapid oxidation, and may be used with
advantage for this purpose.
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415. Filtration.—This is the most effective and practicable
method of purification, and is within the reach of every one.
Many substances will answer as filters, such as crushed char-
coal, sand, or porous sandstone, flannel, wool, sponges, or any
other porous media.  Of all these, charcoal is the best. It will
remove 88 per cent. of organic matter, and 28 per cent. of min-
eral matters. If the water is moderately good, 1. pound of
charcoal will purify 600 pounds or 60 gallons. Animal char-
coal is better than vegetable, though both lose their purifying
power sooner or later. It is quickly restored, however, by ex-
posure to air and slight heat. Filters of . charcoal should be
made of considerable thickness, and the coal finely crushed and
well pressed together. The effect of the charcoal is supposed
to be chiefly chemical, as it brings the large quantity of oxygen
which it holds into the closest contact with any oxidizable mat-
ters in the water.

Sand is much used, and answers well for a time, but re-
quires to be often renewed.

416. Action of Water on Lead.—Water is known to pos-
se3s the power of corroding lead, and forming compounds with
it which, if dissolved, render the water highly poisonous. All
waters act upon it more or less, but it is only when the lead is
dissolved that the water containing it becomes dangerous.
When ordinary water is placed in contact with lead, the free
oxygen it contains combines with the metal, forming oxide of
lead, with which the water immediately unites, producing hy-
drated oxide of lead, which is nearly insoluble. There is also
more or less carbonic acid existing in all natural waters; this
combines with the oxide of lead, forming carbonate of lead,
which is also highly insoluble.  But if there be in the water
much carbonic acid, a bicarbonate of lead is formed, which is
very soluble, and therefore remains dissolved in the water.
Hence, waters which abound in free carbonic acid, as also
those which contain bicarbonates of lime, magnesia, and pot-
ash, are most liable to become poisoned by lead. Water con-
taining common salt acts upon the metal, forming a soluble
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poisonous chloride of lead. The presence of organic matter,
nitrites and nitrates, imparts to the water a powerfully corrosive
action. If the water contains vegetable or fatty acids of any
" kind, or sour milk, or cider, its ‘action on lead i$ greatly in-
creased, and it is more likely to dissolve the compounds formed.
On the other hand, waters containing sulphates and phosphates
are little injured, these salts exertmg a protectwe mﬂuence on
the lead.

The lead itself is more easily acted wpou if other metals, '
such: as iron, zinc,.or tin, are in contact with it.. Galvanic ac-
tion is set up, which greatly facilitates corrosion.

Dr. Hassal says that “while very soft ‘water cannot be
stored for .a ‘lengthened period, with impunity, in-leaden ves-
sels, the danger of the storage.of hard water, under the same
circumstances, is in- most cases mach greater. This danger,
however, is to be estimated neither by the qualities of hard-
ness or softness, but altogether depends upon the chemical
constitution of each different kind of water. “Thus, if this be
ever 80 soft, and ‘contain free carbonic acid, its ‘action on lead
will be great; whereas, if it be hard from the presence of sul-
phates and phosphates principally, and' contain but few bicar-
bonates, little or no sohition ‘of the lead will result.”

CHAPTER XVIL
FOOD AND HEALTH.
Secrion L.—The Alimentary Principles of Food.

417, The Four Groups.—It was stated in‘ Chapter VIL,
Section L, that .all substances uscd as foods may be classed
under four heads, either as Proteids, Fats, Amyloids, or Min-
erals; It is desirable to recapltulatc and somewhat extcnd the
observations there made. -
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. 418, The Proteids.—This group of alimentary principles
consists of Gluten, Fibrin, Albumen, Syntonin, Casein, and
Gelatin, which are characterized by the presence in theu' com-
position of a large amount of nitrogen. -

" Gluten is the adhesive principle of grain, and is a graylsh
tough, elastic. substance, left when .the starch is:thoroughly
washed away from flour, From:its resemblance to the fibrous

part of meat, it'is known as vegetable fibrin. Animal fibrin
exists dissolved in thé blood, and ‘solidifies into a fine net-work
as the blood cosgulates. = It:constitutés the bulk of lean meat.

Casein - is the curdy principle of .milk, which is separated by
coagulation, and forms the cbief ingredient of cheese. It ex-
jsts in large quantity (20 to’'28 per cent.) in -beans and peas,
and is known as vegetable casein.. A4lbumen is a transparent,
glairy, coagulable fluid, familiar to all as white of egg. It is
# large: constituent of animal fluids and tissues, and occurs in
the seeds and juices of plants. Syntonin is the chief constita-
ent of muscle or flesh. It closely resembles albumen in com-
position, but, unlike it, is. not a product of the vegetable king-
dom. ~ @elatin is an animal product, ‘chiefly obtained from
‘bones and tendens. It is not found in the- vegetable kingdom,
and is used. for food, pnnclpally in. the form of jellies and
soups. .

. - All the foregomg snbstances, except gelatm, have a re-
markable similarity of composition. - They present varieties of
aspect and 'physical properties; and differ in consistency, solu-
bility, ‘and bebavior with heat; but they serve a common pur-
posc in the animal economy—that of furnishing material for
the formation of the tissues——and on this account have a high
nutritive value, and are to a great extent mutually replaceable.
419. The Fats.—These occur in both plants and animals,
and, whatever their source, they have a.grent similarity of com-
position. Like the proteids, they differ in physical properties,
but are capable of replacing each other as articles of diet.
They are cssential to the formation of both muscular and ner-
vous tissue, and, from their large amount of hydrogen and car-
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bon, are the most energetic supporters of the calorifying
function.

420. The Amyloids.—This group comprises the starches,
sugars, and gums—principally vegetable products, and, in one
form or another, is a large constituent of our ordinary food.
Starch is abundant in grain, peas, beans, and potatoes. The dif-
ferent preparations known as sago, tapioca, arrow-root, and the
like, are almost entirely starch extracted from different species of
plants. Starch is capable of conversion into sugar, and is thus
changed by the juices of the alimentary canal. Sugar is pro-
duced by both plants and animals, but our supply comes chiefly
from the vegetable kingdom, where it is contained in great
abundance in sap, fruit, and seeds. By the agency of heat,
starch may be converted into gum, known as dextrine. Gums
are vegetable products widely distributed, but not in great
abundance. Their composition is similar to that of starch and
sugar, and their dictetical function is supposed to be the same:

. 421. Their Offices—It has until lately been supposed that
as the nitrogenous and non-nitrogenous substances are clearly
separated by chemical compositions, they are sharply divided
in their physiological effects. The first were supposed to nour-
ish the tissues, the decomposition of which was believed to be
the sole source of animal power, while the fatty and amyloid
group served only to maintain animal heat by their oxidation.
But while it is maintained that the bodily tissues can only be
reproduced from the nitrogenous elements, it is admitted that
the decomposition of these tissues must be a source of heat;
and recent researches have established that the combustion
of the hydro-carbons is a source of power, the heat produced
being converted into mechanical force.

422. Mineral Aliments.—The inorganic or mineral con-
stituents of food consist of water and various saline substances.
Common salt occurs in all forms of food, but in larger propor-
tion.in animal than in vegetable tissues. An instinctive crav-
ing impels animals to seek for a larger supply of it than is far-
nished in their food. Chloride of potassium, phosphate of lime,
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and alkaline carbonates are indispensable to digestion, and are
furnished in combination with the various aliments.

423. Necessity for a Mixed Diet.—The usual forms of
food are combinations of these alimentary principles. Milk,
for example, is a highly complex animal product, containing
water, casein, butter, sugar, and various mineral salts—repre-
sentatives of each of the four classes of alimentary principles.
By its excess of salts and nitrogenous matter, it is suited to the
wants of the infant, or rapidly growing state of the constitution,
but it is not a complete or properly balanced diet for the adult.
In the majority of cases, no single article of food is thus com-
plete in its composition, there being usually one or more of the
essential elements of a perfect diet wanting. This is the case
with the various meats, all of which abound in nitrogenous and
fatty substances, but are deficient in the amyloid elements,
On the other hand, most vegetables are rich in starch and

~ sugar, but deficient in nitrogenous matters. Bread is nitroge-

nous, amylaceous, and inorganic, but lacks fat ; while Indian
corn contains less of the nitrogenous element, but a large
amount of starch and 8 or 10 per cent. of fat. - As no one arti-
cle of food, therefore, contains these four classes of materials
in the proportions requisite to a perfect diet, we are obliged to
mix our various food-stuffs. Confinement to a single aliment~
ary principle, or to any one class of them alone, is sure to be
followed by disease. It has been shown, by repeated experi-
ments, that dogs confined to the exclusive use of either starch,
fat, or albumen, soon die of starvation. Like experiments be-
gun upen men were productive of a corresponding disturbance,
and doubtless, if carried out, would have resulted in the same
way.

. The proteids are first in 1mportance, as much the larger
part of the mass of the body is derived from them, and, when
given alone, will sustain its powers longer than any other class
of aliments. Hence, it is easy to see why exhaustion follows so
much more quickly when they are withheld, than when other
kinds of food are unsupplied. But the amyloids and fats are
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also,requisito, and the body feels the want of them sooner or
later, even though the proteids are furnished in abundance.

" Secrion I — Animal Foods

Foods may be- convement]y divided into three classes

animsal food, vegetable food, -and- auxiliary food ; substances
derived from animals; such:-as mxlk, eggs, and - meats, are ex-
amples of the first class. " .
. 424 MilK.As this liquid - contains all the elements ne-
cessary for complete nutrition, it has been regarded as the type
of composite foods, but, as just remarked, it is only completely
adapted to a certain stage of animal life. ~ A hundred parts of
eow’s milk contain of easein, 4.48; of butter, 8.18 ; of milk-
Sugar, 4.47; salts, .60; and of water, 87.32. This, however,
is only an average statement, as no two cows give milk exactly
alike in composition, while the milk of the. same cow varies
with the food. The milk of goats and ewes is richer in solids
than that.of the cow. .Human milk is poorer in casein, and
contains a larger proportion of sugar than cow’s milk; hence,
when the latter is substituted for it in tbe case of mfants, a hb-
tle sugar should be added. -

In cities, milk is often largely adulterated with water. If
much water has been added, it may be detected by applying
the specific gravity test. The specific gravity of unadulterated
milk ranges from 1.026 to 1.033 ; the average is about 1.030.

- Two-parts water to eight-parts milk will reduce its specific
gravity to 1.024; four-parts water to six-parts milk, to 1.018.
Good milk should be of a full white color, perfectly opaque,
without deposit, and free from any peculiar taste or smell. It
should give a neutral reaction, and have a specific gravity of at
least 1.028."

425. Butter and Oheese.——These furmsh the nutritive con-
stituents of milk in a concentrated form. Butter is habitually
associated with substances which areé deficient in fat, and is
held to promote their digestibility. All butter contains casein,
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which is derived from the milk skimmed off with the cream,
bat the less it contains the less liable it is to become rancid.
Rancidity is chiefly owing to.changes in the oil produced by
decomposition of the casein, Butter in this condition is unfit
for food, as it is indigestible, and has been known to produce
dyspepsia and diarrhea. Cheese is rich in nitrogenous mate-
rial, and when fresh is regarded as excellent food. It is very
liable, however, to undergo chemical change, and when this is
once set up it becomes irritating and indigestible. ~ The pecu-
liar flavor of old cheese arises from this commencing decompo-
sition, and it often disturbs weak stomachs. In this condition
it is said to aid digestion, and is sometimes taken in small
quantities as a condiment.

426. Eggs.—These are both nitrogenous and fatty, and,
when properly cooked, are easily digested and highly nutri-
tious. They contain no starch or sugar, and should therefore
be eaten in connection with such articles as supply these ali-
ments. Eggs are most wholesome when boiled sufficiently to
coagulate the white without hardening the yolk. Hard-boiled
or fried eggs digest with difficulty.

427. Meats,—Whatever their source, these are essentially
the same in constitution, that is, they all contain a large'amount
of nitrogenous matter, in union with much fat and various im-
portant salts. Their advantage as a diet is, that they contain
a large amount of nutriment in a highly concentrated form, are
easily digested when properly cooked, and admit of ready
assimilation. v

Fresh meat varies in quality with different animals, and
with the age, sex, and condition of the individual from which
it was obtained, as well as with the character of the food upon
which it was fattened. Stall-fed cattle make the finest beef,
and cornfed swine the best pork. The nicest mutton is ob-
tained from sheep fattened on fresh, succulent pasturage. In
all cases the animal should be free from disease, and of medium
fatness, to make its flesh a healthy and economical food. The
muscle should be of a firm, yet not sodden, consistence, of a

14 : :
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pale-reddish color, somewhat lighter toward the centre than at
the surface, and show no disposition to tear across its fibres.
The fat should be white, or but slightly tinged with yellow,
and also firm to the touch. The pale, moist muscle marks the
young animal; the dark colored, the old ome. The meat
should be free from any disagreeable odor, and the muscles,
when cut across, should present a uniform solidity. Any mar-
bling, or points where the knife passes more easily than at
others, indicates commencing decomposition. As a rule, the
flesh of .young animals is tenderer, and more easily digested
than that of old ones; veal, however, is an exception, so far as
digestibility is concerned. The flesh of young animals contains
more water than that of old ones, consequently it is more
juicy, but bulk for bulk less nutritious,

428. Salt Meat.—Beef and pork are commonly preserved
for future use by salting, and in this condition are largely em-
-ployed as food. Salting, however, reduces the nutritious value
of meat, detracts from its flavor, and renders its digestion more
difficult. It does this by cxtracting a portion of its juices,
which remain dissolved in the brine, thus leaving the fibres of
the meat harder and consequently less easily acted upon by the
fluids of the stomach.

429. Poultry and Game.—Meat of this kind is more easily
digested than that just considered, but is regarded as less nu-
tritious. It is not so juicy as butcher’s meat, and, as a rule,
contains less fat. .Broths made from it have a delicate flavor,
and contain considerable nutriment, hence they make an excel-
lent food for convalescents.

430. Fish.—The flesh of fish is very similar in composit.ion
to that of other animals. It is somewhat poorer in nitrogeanous
matter, but richer in important salts, and contains a hlghcr pro-
portion of water than butcher’s meat.

It is generally of easy digestion, but it should not be used
excluswely, nor for a long period together, as it is liable to
produce a scorbutic state of the system. The flesh of fish un-
dergoes rapid decomposition, and is then highly injurious. It
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should be eaten only when it is perfectly fresh. Salt fish, like
salt beef or pork, is much inferior to fresh, and extreme]y in-
digestible.

431. Crabs and Lobsters.—The flesh of these animals re-
sembles that of fish, but it is less easily digested. It is pe-
culiarly prone to decomposition, and, when eaten in this state,
often produces sickness and sometimes proves fatal.

432. Clams and Oysters.—Clams, either raw or cooked,
are extremely indigestible. Oysters are much less so. They
are most easily digested when raw, and, if cooked, should be
either stewed or roasted.

Section IIL.— Vegetable Food.

433. Wheat.—Of vegetable food-stuffs, the most important
and widely-used are the cereal grains, Among these wheat
ranks first, both in point of nutritive value and in the ease with
which it is digested. 'With the exception of milk, it approaches
more nearly the standard of a perfect food, and will sustain the
powers of the body for a longer period than any other article
of diet. It contains from 10 to 15 per cent. of gluten; from
60 to 70 per cent. of starchy matter, and a small proportion of
fat, besides certain important alkaline ‘and earthy phosphates.
Its proportion of water is very low, averaging about 12 per
cent., bulk for bulk; therefore it is richer in solids than any
other food. The starchy elements of the seed exist most
abundantly in and about its centre, while its glutinous, fatty,
and mineral constituents are found in greatest quantity toward
the surface. The coat immediately beneath the husk is espe-
cially rich in gluten, and therefore highly valuable as food. In
the process of grinding, this is often lost by passing into the
bran, the result being a whiter, but much less nutritious flour,
The soft wheats yield the whitest flours, as they contain more
starch and less gluten than the hard or flinty varieties. Good
wheat should yield at least 80 per cent. of flour.

The quality of wheaten flour may be best determined by the
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practical test of baking. Still something may be told by its
appearance. It should contain very little bran, and its starch
should be white, or with the very slightest tinge of yellow.
The flour ought not to be lumpy, or if so, the lumps should
readily give way under the slightest pressure. Grittiness in-
dicates that the starch-grains are changing, and such flour will
give an acid bread. 'When compressed in the hand, good flour
will adhere in a lump, and retain the imprints of the fingers
longer than that of inferior grade. If cast against the wall, a
portion should firmly adhere. The dough made with good
flour is ductile and elastic, and may be drawn ont into long
strips, or rolled into thin sheets withoat breaking.

Flour becomes whiter with age, but it is at the expense of
“flavor, swectness, and nutritive value. The greater the propor-
tion of gluten, the sooner will this deterioration take place.
Flour is sometimes contaminated by the presence of fungi or
insects, and they always indicate inferior quality. It is also
occasionally adulterated with the flour of other grains, which
can only be detected by the microscope.

434. Rye.—This comes next to wheat in nutritive value,
though it furnishes less flour to the bushel, and that of a de-
cidedly darker color. Its gluten appears to contain more
casein and less vegetable fibrin than that of wheat, conse-
quently it is less tenacious. Owing to this quality, bread made
from rye flour does not rise well, and is liable to become heavy
on cooling. Rye bread soon becomes acid, and with many is
not easily digested.

435. Buckwheat.—This is poor in nitrogenous and fatty
constituents, but rich in starch. Bread made from buckwheat
flour does not rise well, owing to its deficiency in gluten. It
is, therefore, chiefly consumed in making griddle-cakes, which,
while warm, are light and palatable, but not well received by
weak stomachs,

436. Indian Corn contains a much larger proportion of.
fat than any other grain in common use. It is also rich in
starch, but has far less nitrogenous matter than ecither wheat
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or rye. This, which is known as zein, is not of a glutinous,
adhesiye nature, and hence maize flour, or meal, will not make
a dough,or fermented bread. In the preparation of articles of
food from Indian meal, long cooking is necessary, when it
makes both a palatable and highly nutritious food, which is
easily digested.

437. Rice,.—As an article of diet, rice possesses the advan-
tage of an extremely digestible starch-grain. It has, however,
but small proportions of nitrogenous matter, fat, and salts;
hence, in rice-eating nations, it is habitually taken with such
other food as will best supply these wants.

438. Peas and Beans are much alike in composition, and
both rich in nitrogenous constituents, often containing as high
as 26 per cent. of vegetable casein, or legumen. They also
contain much sulphur and phosphorus, together with an aver-
age proportion of salts, and but a small quantity of water,
They are, therefore, very nutritious, and rank first among con-
centrated strength-imparting foods. They are somewhat indi-
gestible, however, and liable to produce flatus. When eaten,
it should be in small quantity, and only by .those of an active
habit of body.

439. Succulent Vegetables.—Of these, potatocs are the
most valuable and most extensively used. They contain in
100 parts—

Water, . . . .« < . 4

Proteids, . . . . . . 18

Fats, . . . . . . 1

Amyloids, . . . . . , 234
Salts, e e e e e 1

They are thus seen to abound in amylaceous materials and salts,
but contain a low proportion of nitrogenous matters, and very
little fat. Owing to this deficiency, we habitually associate
them with meat, when they form an easily-digested and valu-
able food.

Turnips, beets, carrots, parsnips, etc., contain more water
than potatoes, and are less easily digested. Their solid por-
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tions consist mainly of starch and sugar, with a small percent-
age of fat and salts. They each possess a peculiar, volatile
principle, which adds much to their flavor, and causes them to
be eaten more as a relish than as a strength-giving food.

Onions and cabbage are more watery than the preccding,
but their solid parts contain a very large proportion of nitro-
genous matter. They are relished chiefly for their pungency,
but should be eaten only at intervals, as they are likely to
cause flatus and indigestion.

440. The Fruits.—These consist mostly of water and cel-
lulose, with varying amounts of fruit sugar, and small quantities
of potash, soda, and lime, in combination with certain organic
acids. Their juices contain a gelatinous substance termed
pectine, which forms the basis of the various jellies. Fruits
are prized more for those qualities which relate to their taste
than for nourishing and strengthening power. Nevertheless,
they are valuable as ‘sources of the alkaline and earthy carbo-
nates, and useful when eaten in moderate quantity, as safe-
guards against constipation. They are most wholesome when
cooked, but in all cases the skins, seeds, and cores should be
rejected, as indigestible and prolific sources of irritation.

Secrion 1V.—Auziliary Foods.

441. Auxiliary foods comprise a class of substances very
extensively employed to give relish to other dietary compounds,
to provoke the digestive organs, and for nervous stimulation,
rather than for any nutritive properties of their own. Useful
when taken with care, they are liable to prove most injurious
when too freely indulged in. Uunder this head come the
various condiments and beverages.

442. The Condiments.— Vinegar is essentially a solutlon
of acetic acid in water. ' Good vinegar ought to contain at least
5 per cent. of the acid. Commercial vinegar is often largely
adulterated, and some samples which pass under the name are
made of sulphuric acid and water, colored with burnt sugar,
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and without a trace of acetic acid in their composition. Vine-
gar in small quantities, by augmenting the acidity of the
stomach, may reénforce the gastric juice, and promote the di-
gestion of the proteids.

Black pepper consists of an active principle (peperin), a
pungent essential oil, and an acrid resin. It is a powerful
stimulant of the digestive organs, increasing the flow of saliva
and gastric juice in a marked degree. In the powdered state
it is frequently adulterated with linseed meal, starch, mustard,
buckwheat bran, etc. These may be detected by the micro-
scope ; but it is safest to purchase the berries and grind them
as wanted.

Cayenne pepper resembles black pépper in properties, but
is a much more powerful stimulant. Its habitual use, there-
fore, cannot be recommended, and if taken at all, it should be
only in the smallest quantity.

The sharp, acrid smell and taste of mustard are due to the
volatile oil it contains. Used in small quantities, it is a gentle
stimulant ; in large doses, it acts as an emetic. Like all arti-
. cles of its class, it is subject to sophistication. Among the
substances added, the most common are turmeric and some
form of starch. Sulphate of lime and chalk are also sometimes
used as adulterants,

443. Beverages.—Tra.—This consists of the leaves of the
tea-shrub, grown and prepared chiefly in China. Many vari-
eties are known in commerce, the differences between which
are due probably to different modes of culture and prepara-
tion. .

The substances for which tea is most prized as a beverage
are—first, a peculiar volatile oil, which gives the tea its agree-
able flavor; second, a vegetable alkali, rich in nitrogen, and
known as thein,—the active principle of tea; and third, tannic
acid, which gives the tea its astringent quality. Of the first,
tea contains less than 1 per cent. ; of the second, from 14 to 6
per cent. ; and of the tannic acid, which is in combination with -
the thein, from 14 to 16 per cent. It contains, besides, about
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20 per cent. of gluten, and is also rich in salts, but these last
ingredients are not usually obtained in the heverage.

In making tea, it is desirable to obtain from the leaves the
largest possible amount of matter, without destroying its flavor.
If the tea is boiled, the volatile oil is driven off with the steam
—and yet a boiling temperature is required to dissolve the
compound of thein and tannic acid, the most important con-
stituent of the leaf. To preserve the one and obtain the other
is the principal object, and this is best attained by pouring
boiling water upon the leaves in close vessels, and allowing
them to steep for a time, with the temperature slightly below
the boiling point.

Tea acts as a gentle stimulant upon the nervous system,
without producing subsequent perceptible depression. It also
quickens the pulse somewhat, and increases the amount of pul-
mouary carbonic acid exhaled. It produces an astringent effect
upon the bowels, but not to any harmful extent. It hastens
digestion and is invigorating, but it should not be taken in
excess, as it is apt to induce wakefulness and an irritable state
of the system. Green fea is more injurious in this respect
than black, often giving rise to nervous tremors.

Tea of all sorts is liable to the grossest adulteration, green
teas being worse in this respect than the black varieties. The
Chincse heighten their color, or face them, as it is termed, by
the addition of Prussian blue, indigo, turmeric, gypsum, and-
China clay. A bright-green color is to be looked upon with
suspicion, as the pure article always presents a dull, faded
green appearance. The leaves of other plants are often mixed
with tea. Sometimes, also, exhausted tea leaves or grounds
are bought up, their astringent property restored by the addi-
tion of catechu, and colored with black lead, or logwood, they
are sold again as genuine tea. Another fraud of great preva-
lence consists in mixing inferior qualities of tea with better
sorts, and cheating the purchaser by selling the compound at
the price of the best article.

In sclecting tea, it should appear not to be too much
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broken up, or mixed with dirt, and the leaves should vary
somewhat in size and color. The best teas contain portions
of the stalk and flower. Old teas do not possess so rich a
flavor as fresh, owing to the loss of a portion of their vola-
tile oil. '

444. Coffee.—Coffee, like tea, contains a volatile oil, a ve-
getable alkali (caffein), and taunic acid. It also contains from
12 to 15 per cent. of amylaceous material, in the shape of
sugar and gum, and nearly the same quantity of nitrogenous
matter, in various forms, besides being rich in salts. But very
small quantities of these. latter substances find their way into
the beverage. .

The agreeable flavor of coffee is due to its volatile oil, which
is present in very minute proportions, and requires the action
of heat to develop it. This is done by the process of torrefying.
The caffein is almost identical in composition with the thein
of tea, and, like it, is the active principle of the beverage. It
is present in small quantity, rarely reaching 1 per cent. The
quantity of tannic acid is usually less than 8 per cent., conse-
quently coffee is much less astringent than tea.

The action of coffee upon the system is similar to that of
tea. It is a stimulant, and promotes the digestion and assimi-
lation of food. It both enlivens the mind and invigorates the
body, relieving the depression of fatigue, and in this way un-
doubtedly tends to diminish the liability to disease.

There is a peculiar physiological effect exerted by coffee
and tea, and probably also by alcoholic beverages when taken
in small amount—a retardation of destructive. metamorphosis.
The renal products of muscular waste are found to be dimin-
ished after their use; while experience has shown that they
may replace, in diet, a certain amount of ordinary food. De
Gasparin, in his observations upon the regimen of the Belgian
miners, found that “the addition of a quantity of coffee to the
daily rations enabled them to perform their arduous labors on
a diet which was even below that found necessary in prisous
and elsewhere, where the article was not employed.” The

14*
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comparative effects of coffee, tea, and alcohol, in enabling men
. to endure cold and hardship, are thus stated by Dr. Hayes, in
describing the experiences of Arctic exploration : “Dr. Kane’s
parties, after repeated trial, took most kindly to coffee in the
morning, and tea in the evening. The coffee seemed to last
throughout the day, and the men seemed to grow hungry less
rapidly after taking it than after drinking tea, while tea soothed
them after a day’s hard labor, and the better enabled them to
sleep. They both operated upon fatigued and over-taxed men
like a charm, and their supenonty over alcoholic stimulants
was very marked.”

In the process of roasting, the coffee should be first care-
fully dried in an open pan, over a gentle fire, until it becomes
yellow. It should then be scorched in a covered vessel, to pre-
vent the escape of aroma, taking care, by proper agitation, to
prevent any portion from being burnt, as a few charred grains
communicate a bad odor to the rest. - The operation should be
continued until the coffee acquires a deep cinnamon or chest-
nut color, and an oily appearance, or uutil the peculiar fra-
grance of roasted coffee is sufficiently strong. . Unroasted coffee
may be kept for any length of time, and grows better with age.
After roasting, it is constantly losing flavor; hence, it is well
to roast but a small quantity at once, and this ought to be
kept in close vessels, and ground as it is wanted for use. This
course necessitates the purchase of the berry and home pre-
paration, but the additional trouble is more than compen-
sated by the superior beverage thus obtained. The finer it
is ground, the more readily, of course, will it yield its soluble
constituents,

Ground coffee is very extensively adulterated ;—hence an-
other inducement for purchasing the whole berries. Various
substances are employed as adulterants, such as roasted peas,
beans, corn, turnips, carrots, potatoes, etc. But the substance
most commonly used is chiccory, which has a large white pars-
nip-like root, abounding in a bitter juice. A little of this,
when roasted, gives as dark a color and as bitter a taste to
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water as four times the quantity of coffee, and, as it only costs
about one-third as much, the temptation is very strong to mix
it with ground coffee. So great is the demand for chiccory for
this purpose, that it is itself adulterated with roasted barley
and wheat grains, acorns, mangel wurzel, sawdust, peas, and
beans. Venetian red is sometimes added to give it a coffee
color, and even this is cheapened by the addition of brick-dust.
The microscope detects many of these- foreign substances,
while some can be identified only by chemical means.

In the preparation of the beverage, we are met by the same
difficulty that was encountered in the case of tea; that is, a
high heat will drive off the aroma, while yet it is requisite to
the extraction of the active principle—caffein. To obviate
this difficulty, take two portions of coffee, boil the first for
five minutes in the required amount of water; then, after set-
tling a moment, decant the water upon the second portion, and
allow it to steep for a few moments without additional heat.
Allow it to settle, pour off the liquor for use, and retain the
grounds for the next day’s boiling. A fresh portion furnishes
the aroma, and can be in its turn subjected to the boiling
process.

445. Cocoa and Chocolate.—Theso are prepared from the
cacao beans, which are derived from a fruit resembling a short,
thick cucumber, grown upon the small cacao-tree of the West
Indies, México, and South America. The bean is brittle, of a
dark-brown color internally, and has a slightly astringent but
decidedly bitter taste. In preparing it for use, it is roasted in
the same way as coffee, until the aroma is fully developed.
The bean is now more brittle, lighter in color, and less astrin-
gent and bitter than before. The beans contain about 50 per
cent. of fatty matter, called butter of cacao, and from 20 to 25
per cent. of albuminous and starchy material. They also con-

_ tain a peculiar nitrogenous substance called theobromin, similar
in pature and properties to thein and caffein. The beans,
crushed to a paste between hot rollers, and mixed with starch,
sugar, etc., form common cocoa. Chocolate is made by grind-
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ing the recently-shelled beans to paste, mixing this with sugar,
and flavoring it with vanilla, cinnamon, and the like. When
used as a beverage, the chocolate or cocoa is scraped into pow-
der, mixed with water and milk, and brought to a boiling heat.
As thus prepared, chocolate is refreshing to the spirits, and
highly nautritious.

Section V.—Culinary Preparation of Foods.

446. Cooking has a twofold object—first, to soften the
food, and thus facilitate its solution in the digestive juices;
and second, to develop its flavor, and thus render it more
agreeable to the palate. When the operation is properly per-
formed, both these purposcs may be attained, and yet by im-
proper management both may be defeated. For example, in
cooking meats, it is desirable to retain their flavor, preserve
their juices, and soften their texture, and with the requisite
care, all this may be accomplished; yet how often does care-
less or improper management give us a hard, dry, tasteless
mass, as indigestible as it is unpalatable! Over-cooking should
be specially avoided, as it results in waste and loss of sapidity,
without in any respect improving the character of the food.

447. Cooking of Meats.—Boiling.—Meats lose¢ from 25
to 85 per ceut. of their weight by this process, If it is desired
to retain their juices and flavor, the pieces should be cut large,
and when first put in, the water should be boiling. This co-
agulates the albumen near the surface of the piece, and thus
prevents further escape. After boiling three or five minutes,
the heat should be lowered to about 160°, and maintained at
that point until the completion of the process. If the temper-
atare is kept above 170°, the muscular tissae shrinks, and be-
comes hard and indigestible. In making broth, the object is
to extract the juices ; hence the meat should be cut into small
pieces and placed in cold water. After standing a little time,
it may be slowly heated to about 150° ; never much above this.
. Coagulation of the albumen is thus prevented, and the con-
tained juices extracted. A nutritious beef broth, or beef tea,
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may be made without heat, by adding to a pint of cold water
half a pound of finely-cut, fresh, lean beef and four or five
drops of hydrochloric acid. Slight heat and a few drops more
acid considerably increase the amount of extract.

Roasting is one of the best methods of cookmg meat. It
not only develops the flavor, but preserves the juices, and
leaves the meat in a condition to be easily digested. The loss
is about 25 per cent., and is chiefly water. The process should
be commenced with an intense heat, so as to coagulate the al-
bumen of the surface and form a slight superficial crust. Af-
terward it should be done very slowly, so as to avoid harden-
ing the inner portions.

Stewing is analogous to roasting, only the meat is cut up,
and continually moistened with its own juices. Like boiling
and roasting, it should be done at a low heat. Tough meat is
best cooked in this manner. Baking requires to be conducted
with great care, or there is danger of drying up the meat.
Constant basting prevents this to some extent, but the method
is inferior to roasting. Frying is the worst possible way in
which meat can be cooked. The oil or fat requiring a high
temperature to bring it to the boiling point, the meat is thus
rendered extremely hard and the fat not unfrequently burnt.
Broiling is to be preferred to frying. It has much the same °
effect as roasting, and, like that process, should not be carried
too far—a high heat at first, sufficient to encrust the outside,
aud then a low temperature to complete the work.

448, Cooking of Vegetables.—These are usually boiled,
and ‘are best cooked by this means. Care should be taken not
to overdo them. Thorough softening is sufficient, as, when the
process is carried beyoud this, their structure is rapidly broken
down, and a large proportion of their salts and juices lost in
the witer. The quality of the water employed exercises an
important influence. Soft water exerts a much more powerful
extractive action than hard, hence food boiled in it is often-
times rendered insipid by the loss of its salts and juices. When
it is desirable to obtain these in a liquid form, as in making
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soups, broths, or infusions, soft water is to be preferred. In
those cases where it is not the object to dissolve out the con-
tents of a structure, but rather to preserve it firm and entire,
hard water is the best. To prevent the over-dissolving action
of soft water, salt is often added, and proves quite effectual.

Secrion VI.—TInjurious Ejfects of Bad Diet.

449. Effects of Excess in Diet.—The influence of food
upon health is immediate and powerful, and is manifested in
various ways. Imperfect diet is chiefly injurious by its excess,
by its deficiency, by the wrong proportions of its elements,
and by the unwholesome condition of the articles consumed.

The quantity of fodd that it is proper to take, varies, of
course, with different circumstances: those thinly clad and
exposed to. cold require more than the well-protected ; those in
active exercise more than the sedentary or persons of inactive
habits ; while the growing need, proportionally to their size,
more than adults, - But whatever the circumstances, if the
quantity of food taken exceed the demands of the system, evil
consequences are certain to follow. The immediate results of
over-eating are lethargy, heaviness, and tendency to sleep.
" Overtaxing of the digestive organs soon deranges their fanc-
tions, and is a common and efficient cause of dyspepsia. If
the food is not absorbed from the digestive apparatus into the
system, it rapidly undergoes chemical decomposition in the
alimentary canal, and often putrefies. Large quantities of gas
are thus generated, which give rise to flatulence and colicky
pain. Dyspepsia, constipation, and intestinal irritation, caus-
ing diarrheea which does not empty the bowels, are produced.
If digestion be strong, and its products are absorbed, an excess
of nutriment is thrown into the blood, and the circulation
overloaded. If food is not ecxpended in force, the natural
alternative is its accumulation in the system, producing pleth-
oric or abnormal increase of muscle, tissue, and fat. This
is accompanied by congestion of important orgaus, mal-assimi-
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Iation of nutritive material, and increased proneness to derange-
ment and diseased action. The excretory processes are like-
wise certain to be disturbed, which often leads to the retention
of waste products, with perversion and poisoning of the blood
and a train of evil consequences.

450. Effects of Deficient Diet.—As food is the source
alike of the material organism and of the power it exerts, if a
due supply of it is withheld, there is defective nutrition, which
reduces the structures and impairs the strength. Habitual in-
sufficiency of food lowers the vital powers and depresses the
fanctions, There is loss of mental vigor and muscular energy,
digestive disturbance, ansemia, and a tendency to those maladies
which result from debility and undervitalized conditions. The
resistance of the system to the numerous causes of disease is
diminished : typhus and typhoid fevers are peculiarly diseases
of the poorly-fed. In childhood, lack of sufficient food is often
the cause of stunted growth and chronic disease, and in later
life the parent of depraved appetites and moral perversities.

Of the effects of stinted food upon mind and character, Dr,
Moleshott observes: “There is another instinct by which the
vigor of mind is vanquished in a more melancholy way. Hun-
ger desolates head and heart. Though the craving for nutri-
ment may be lessened to a surprising degree during mental
exertion, there cxists nothing more hostile to the cheerfulness
of an active, thoughtful mind, than the deprivation of liquid
and solid food. To the starving man, every pressure becomes
an intolerable burden; for this reason, hunger has effected
more revolutions than the ambition of disaffected subjects. It
is not, then, the dictate of cupidity or the claim of idleness
which prompts the belief in a natural human right to work
and food.”

451, Amount of Food daily required.—Although this is
variable in different circumstances, yet definite standards have
been reached when dealing with large bodies of men in given
cases. It has been shown that generally, in the case of the adult
male, from ten to twelve ounces of carbon and from four to five



328 ELEMENTARY HYGIENE,

ounces of nitrogenized matter (estimated dry) are daily dis-
charged from the organism, and that to replace this, there is
required a daily consumption of from two to three pounds of
solid food. Dr. Dalton says: * From experiments performed
while living on an exclusive diet of bread, fish, meat, and
butter, with coffee and water for drink, we have found that the
entire quantity of food required during twenty-four hours, by a
man in full health, and taking free exercise in the open air, is
as follows :
Meat, . . . . 16 ounces, or 1-00 Ibs, avoirdupois.

Bread, . . 19 « “ 1-19 ¢ “
Butter, or fat, > L “
Water, . . . 52 fluid 0z,  8-38 ¢ u“

That is to say, rather less than two and a half pounds of solid
food, and rather over three pints of liquid food.”

‘It is undoubtedly true that the daily ration has frequently
been diminished considerably below the physiological standard
in charitable institutions, prisons, etc.; but when there is com-
plete inactivity of body and mind, this produces no other effect
than that of slightly diminishing the weight and strength. The
system then becomes reduced without any actual disease, and
there is simply a diminished capacity for labor. But in the
alimentation of large bodies of men subjected to exposure, and
frequently called upon to perform great labor, the question of
food is of vital importance, and the men collectively are like a
powerful machine, in which a certain quantity of materisl must
be furnished in order to produce the required amount of force.
This important physiological fact is most strikingly exemplified
in armies;- and the history of the world presents few examples
of warlike operations in which the efficiency of the men has
not been impaired by insufficient food. .

“The United States army-ration is the most generous in
the world; and the result. has been that, in the recent civil
war, scurvy and other diseases which are usually so rife in
armies subject to the exposure and fatigue incident to grand
military operations, have been comparatively rare. In some
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of the long and arduous campaigns of the war, the marches
made by large bodies of troops, and -the labor performed,
showed an amount of endurance heretofore unknown in mili-
tary history. The excellent physical condition of the men was
further evidenced by the remarkable - percentage of recoveries
after serious wounds and surgical operations, and the slight
prevalence of the ordinary diseases, except those of malarial
origin.”—(Dr. Flint.)

The following is the army ration of the United States
soldier :

Bread or flour, . . ' . 22 ounces.
Fresh or salt beef (or pork or baeon, 12 oz. ), 20 «
Potatoes (three times per week), . . 186 ¢
Rice, . . . . . 16 «
Coffee (or tea, 0 24 0z, ), e« e . . 18 0«
Sugar, . . . . < . . . 24 ¢

Beans, « . . . . . . . 064 gill

Vinegar, . . o . . « . 032 «

Salt, . . . . . . . . . 016 «

452. Effects of a badly-constituted Diet.—There may be
sufficient bulkiness in the food taken, but such a misproportion
among its elements as to pervert the functions and give rise to
various maladies. The several elements of food-stuffs are not
replaceable. Deficiency of the proteids results in muscular
debility and prostration; while, if too great a quantity be
taken, they charge the system with imperfectly-assimilated
compounds and wrongly-changed products of decomposition,
which produce a gouty state of the constitution. -Deficiency
of the fats induces defective nutrition and leanness; while ex-
cess of them not only tends to produce obesity, but if more
be taken than can be stored or consumed, the burden of dis-
posing of the excess falls upon the liver, which may itself be-
come diseased from over-action, or its secretions be thrown
into the blood, giving rise to a bilious condition of the system.
If the saline clements are withheld, softening, or deformity of

“the bones, or rickets, is the legitimate consequence.- If the
supply of fresh vegetable food is cut off for a lengthened period,
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a scorbutic condition of body is produced. Hence, for the
preservation of health, mixed food and a various, well-balanced
diet are indispensable.

In the case of infants and children, where food subserves
the double purpose of maintaining activity and growth,
there must be extra provision in the diet for the development
of muscular and bony tissues. Milk, though a liquid, by its
abundance of salts and casein, is adapted to this end. But too
frequently, after weaning, the food of children is given with no
reference to this important condition. Sago, tapioca, arrow-
root, and jellies, which rank lowest in nutritive value, with per-
haps other substances less objectionable, but still inadequately
nourishing, are frequently made use of, to the serious injury of
the growing constitution.

453. Effects of a Deficiency of Fat.—It is believed that
a lack of oleaginous elements in diet predisposes to consump-
tion. The immediate cause of this disease, as has been al-
ready observed, is an abortive or perverted nutrition, tubercle
being produced instead of healthy tissue. The seeds of con-
sumption are most generally sown in the system in youth,
when there is a double demand upon nutrition, for current
waste and steady growth. There is, however, sufficient proteid
matter present to nourish the structures; some other condition
must, therefore, be wanting. Eminent physiologists have lately
maintained that the faulty nutrition which results in tubercle
is caused by a deficiency of oily substances, and therefore such
of these bodies as are easiest digested and absorbed have been
indicated as remedies. Cod-liver oil has come into use for this
purpose. Dr. Hughes Bennett, who first introduced this oil to
the notice of the public, states that butchers, cooks, oilmen,
tanners, and others who are constantly coming in contact with
fatty matter, are less liable than others to tubercular disease;
and Dr. Simpson has observed that children and young persons
employed in wool factories, where large quantities of oil are
daily used, are generally exempt from scrofula and pulmonary
consumption. These facts would indicate that even the ab-
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sorption of fatty matter through the skin may powerfully influ-
ence nutrition. Dr. Bennett says that, to prevent consumption
during youth, indulgence in indigestible articles of food should
be avoided, especially pastry, unripe fruit, salted provisions,
and acid drinks; while the habit of eating a certain quantity
of fat should be encouraged, and, if necessary, made imperative.
. Dr. Carpenter observes: “ There is a strong tendency and
increasing reason to believe that a deficiency of oleaginous
matter, in a state fit for appropriating by the nutritive pro-
cesses, is a fertile source of diseased action, especially that of a
tuberculous character; and that the habitual use of it in large
proportions would operate favorably in the prevention of such
maladies, as cod-liver oil unquestionably does in their cure.”

Dr. Hooker, in a report on the diet of the sick, says: “1st.
Of all persons between the ages of 15 and 22 years, more than
one-fifth eat no fat meat. 2d. That of persons at the age of
45, all except less than one in fifty habitually use fat meat.
3d. Of those who have abstained, a few acquire an appetite
for it, and live to a good old age, while the great proportion
die of consumption before 45. 4th. Of persons dying of con-
sumption between the ages of 15 and 45, nine-tenths, at least,
have never used fat meat.”

454. Unwholesome Foods.—Articles of food differ in di-
gestibility, some being readily dissolved and assimilated, while
others are changed in the stomach with such difficulty as to
irritate and injure the organ. Animal food is more easily
digested than vegetable, as it represents vegetable food that
has been already once digested, and its insoluble portions
separated. But the chief cause of unwholesomeness in foods
is their bad condition. - The qualities which render them easily
digestible within the system, make them readily changeable
without it; hence their tendency to “spoil,” and the facility
of injurious culinary changes, Bread, sour and heavy from un-
skilful working or damaged flour, butter rancid and offensive,
potatoes sodden, and meat tainted or diseased, are examples
of unwholesome diet, which produce disturbance in the system
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and often serious disease. Meat that has entered upen decom-
position, or the flesh of diseased, immature, or over-driven
animals, is unfit for use. They are liable to produce gastric
disturbance and diarrheea, or they may be actively and dan-
gerously poisonous.

455. Flesh Parasites.—The disease known as “ measles”
in the pig is due to little parasitic animals which infest the
flesh. When pork is thus affected, there are found scattered
through the areolar or connective tissues humerous opaque or
whitish points, which consist of little membranous bags, or
cysts, each containing a small embryonic animal, known as the
Cysticercus cellulosus. These microscopic creatures are devel-
oped from the eggs of the common tape-worm ( Z'@nia solium).

Dr. Kiichenmeister fed a nnmber of cysticerei to a criminal
at different periods before his execution, varying from 12 to 72
hours, and, upon post-mortem examination of the body, no less
than ten young tenia were found in the intestine, four of which
could be distinctly recognized as specimens of Tenia solium
(Dalton).

The cysticerci are sometimes found in the organs of the
human body as well as in those of the lower animals. They
are most likely to be met with in the voluntary muscles, but
have been observed in the tissue of the heart, and, what is
more remarkable, in such organs as the eye and brain. Their
Presence in the muscles is not known to be harmful, inasmuch
as they have been found in considerable numbers in those
of individuals who were accidentally killed while in a state of
apparently perfect health,

The Trickina spiralis is another parasite which infests the
muscles of the pig, and is also found in those of the human subject.
A muscle containing trichina appears as if thickly beset with
small whitish specks. . Each speck is in reality a cyst, which
contains a single trichin®, a minute, worm-like animal, coiled
up in aspiral form. When straightened out, it measures about
g of an inch in length, and about 4} of an inch in diameter.
Like the cysticerci, these animals find their way into the human
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stomach, and thence, by means of the circulation, to the mus-
cles, where they are occasionally found in immense numbers.
They have been discovered in the muscles of persons who died
by accident, and were otherwise apparently healthy ; and also,
and much more frequently, in subjects who have died from
slow and debilitating disease. Within a few years past, it has
been determined that the presence of these parasites not un-
frequently gives rise to a peculiar disease, which has received
the name of T'richiniasis. This affection is said to be highly
febrile, often resembling typhoid or even typhus fever, and at-
tended with excessive pain in the limbs and bowels.

In selecting meat, if the lean flesh looks speckled or
blotched, it should be suspected. When the cysticerci are
in great numbers, the flesh crackles as its fibres are cut across.
The trichine, if enclosed within a cyst, are easily seen with
the naked eye ; but, if not, the microscope alone detects them.
These creatures are said to be very tenacious of life, often sur-
viving intensc cold and a boiling heat. It is alleged, however,
that thorough smoking effectually destroys them.
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CHAPTER XVIII.

OLOTHING AND HEALTH.
SecrioN L— Propertics of Clothing Material.

456, Purposes to be subserved.—The principal object of
clothing being to defend the body against the effects of heat
and cold, it is obvious that the qualities best suited to these
purposes are what we are to seek in the selection of fabrics for
wearing apparel in different seasons and climates, and at dif-
ferent times. These qualities are chiefly connected with the
relations of fabrics to heat and moisture. The body is con-
stantly losing heat both by conduction and evaporation. In
cold weather, the object is to prevent this loss as far as possi-
ble; in warm weather it is desirable to promote it ; hence, we
select our clothing with a view to these different purposes,
- wearing the free conductors and ready absorbers in summer,
and the non-conductors and slow absorbers in winter. As far
as is consistent with these primary objects, clothing should be
light, durable, and readily cleansed. It should also be of such
a character as will allow of the free passage of the exhalations
from the skin, and yet not be readily absorbent of moisture
from without, Imperviousness is a‘very objectionable quality,
and may, by retaining the cutaneous excretions in contact with
the body, lead to serious disease.

457. Linen as an Article of Clothing.—This is a good
conductor, and allows the free escape of heat. It is also a
rapid absorber of moisture, which it readily gives off by evapo-
ration from the external surface of the body. For this reason,
it produces a rapidly-cooling effect, even in hot weather, and
is thus well adapted for summer use. It should not, however,
under any circumstarices, be worn mext the skin, as it not only
quickly cools the surface itself, but is incapable of preventing
sudden chills from other causes,
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458. Cotton as an Article of Clothing.—This is a worse
conductor of heat than linen, and consequently warmer. It
is likewise less absorbent of moisture, and is therefore prefer-
able for under-garments, or when it is desirable to avoid the
cooling action produced by the evaporation of moisture from a
material in contact with the body. It ranks next to linen as a
fabric for summer wear, being a much better conductor of
heat and absorber of moisture than either silk or wool.

459. Woollen as an Artiole of Clothing.—Woollen fab-
rics, owing to their coarseness and porosity, are capable of
detaining within their meshes considerable amounts of atmos-
pheric air, and this makes them bad conductors of heat. It
is upon this property of imprisoning air within its interstices
that the warmth of clothing in a great measure depends. The
air itself is an excellent non-conductor of heat, and when mate-
rials are worn which have the power of entrapping its particles,
the body is virtually encased in a garment of air, and its heat
thereby prevented from escaping. The denser the fibre and
the closer the texture, the less air there will be retained, and,
hence, the cooler the clothing. The converse is equally true,
though to a more limited extent. In any clothing, if warmth
is the object, the texture must be sufficiently close to prevent
the passage of currents, but up to this point the more open it
is, the better.

‘Woollens also possess a great capacity for moisture, though
they take it up and give it out very slowly. This is another
valuable quality, giving them great advantages as articles of
clothing. Every one may have noticed how readily linen and
cotton become wet, while woollen in the same length of time
is scarcely more than dampened. The former will also dry
rapidly, while woollen parts with its moisture at a much slower
rate. It is, therefore, a better protection against wet than
either linen or cotton, and much warmer while wet, as the
evaporation from its external surface is not nearly so rapid as
from the surfaces of other materials. The water absorbed by
different fabrics penetrates their fibres, and is also held between
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them in the interstices of the cloth. The latter can be wrung
out, and is called water of ¢nterposition. The former is only
got rid of by evaporation, and is termed hkygroscopic water.
Woollen greatly exceeds cither linen or cotton in this power
of hygroscopic absorption, taking up at least double the
amount of water in proportion to its weight, and quadruple in
proportion to its surface. .

“ This property is a most important one. During perspi-
ration, the evaporation from the surface of the body is neces-
sary to reduce the heat which is generated by exercise. When
the exertion is finished, evaporation still goes on, often to such
an extent as to chill the frame. When dry woollen clothing is
put on after exertion, the vapor from the surface of the body
is condensed in the wool, and gives out again the large amount
of heat which had become latent when the water was vaporized.
Therefore, a woollen covering, from this cause alone, at once
fecls warm when used during sweating. In the case of cotton
and linen, the perspiration passes through and evaporates from
the external surface without condensation ; the loss of heat then
continues, These facts make it plain why dry woollen clothes
are so useful after exertion.”—(Parkes.)

As an equalizer of the temperature and protector of the
surface agamst sudden chills, wool stands at the head of all our
usual wearing fabrics, and, when it can be tolerated, should be
constantly worn next the skin.

460. Color influences the relations of clothing to solar heat,
though it does not affect it in regard to non-luminous heat,
such as that emitted from stoves. Black clothes absorb heat
in a suony day; while white clothes reflect more of it. The
power of absorption decreases as the shade grows lighter.
Thus, black absorbs the most, blue next, then green, yellow,
and lastly white. Color also affects the relations of cloth to
moisture, the darker colored materials absorbing more moisture
than the light colored. Black will absorb nearly as much
again as white.
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Sncnon 1L ——Manner of Dressing the Body.

461, Its Importanee —Much more depends upon this than
upon the materials used. The best fabrics improperly put on
may be the source of all sorts of diseases, while the poorest, if
used .with judgment, are oapable of conferring a goodly degree
of comfort.

462. The Clothing should be ng'ht.—All garments should
be as light as is consistent with the main objects for which
they are worn. - Weight does not necessarily imply warmth,
and it often becomes a source of excessive fatigue and discom-
fort. Warmth is better attained by putting on several layers
of light, loose-fitting garments, than fewer layers of heavy
clothing. As before stated, it is not the clothing itself, but
the air imprisoned by it, which secures warmth ; and the air
is not only held within the meshes of the cloth, but a stratum
is retained underneath each additional layer of clothing. It
is, therefore, desirable to multiply the number of layers, which
is only possible when light materials are used.

463, It should be Loose.——Every one knows that loose
clothing is warmer than that which fits the body closely, and
this alone should be sufficient reason for adopting it. But
tight-fitting garments are in other respects very injurious.
They obstruct the flow of blood, restrict the natural motions
and healthy exercise of the parts, and not unfrequently pro-
duce deformities of the worst character. Many have observed
the effects of a tight-fitting head-dress in obstructing the circu-
lation.  Constricting the neck is even worse. The great veins
which carry the blood from the head back to the heart lie very
superficially in the neck, and, when any thing tight is worn
‘closely about it, the flow of blood is obstructed, and venous
congestion of the brain results.

- 464, Compression of the Chest and Abdomen.—It is,

likewise, of the greatest importance that the motions of the

chest and abdomen should not be interfered with. There is

probably no part of the body where freedom of action and of
15
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circulation is more absolutely required than here. At the
junction of the chest with the abdomen are located the lower
portions of the lungs, the spleen, stomach, liver, etc. There
are also given off from the aorta at this point several large ves-
sels, which carry blood to the adjacent viscera. The diaphragm,
the most important muscle engaged in the process of respiration,
is likewise found in this immediate vicinity. Every function
of the body calls for the utmost freedom of movement in this
important region. And yet it is the almost universal practice
among females to bind down these parts often to half their
natural dimensions. Reference to Fig. 125 shows this to be one
of the roomiest portions of the body when left in its nataral
condition.

Fie. 125.

A diagram showing the natural form of the healthy chest, and the proper position
of the organs which it contains.

Fig. 126 shows the distortion which often results from com-
pression. This deformity is not the worst of the evils which
follow the practice of compressing these parts. The diaphragm
is hampered in its actions, and the process of respiration thus
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directly interfered with. The lungs and heart are compressed,
and the stomach and liver either forced out of place, or, what

Fie. 126.
A diagram showing the deformity produced by compression.

is worse, squeezed into much less space than they would nato-
rally occupy. The portal circulation is thus obstructed, and
the viscera, like the brain in the former case, become the seat
of venous engorgement. '

It is hardly necessary to add that the troubles induced by
this state of things are of the most serious character. Diseases
of the liver, dyspepsia, and consumption are among its legiti-
matc and certain results, while other disorders of a less definite
character are, no doubt, traceable to the same efficient cause.
The compression, when early applied, as it usually is, finds the
bones of the chest soft and yielding, so that they readily give
way. If the coustriction is continued, as it is likely to be, for
fear of losing the ‘beauty of the form,” the bones, as age ad-
vances, harden and conform to the unyielding limitations with-
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out, and thus arise permanent'and life-long deformity of the
chest and continued restraint of its important organs. - The
persistence with which this practice is followed by females,
betrays either outrageous ignorance or an almost criminal dis-
regard of consequences. - .

485, Compression of the Feet.—This is a common prac-
tice, that often results in distortion and great discomfort. Fig.
127 shows the deformity produced by compression, while Fig.

Fia. 121. Fia. 128.

128 gives the natural shape of the foot. 'When we are walking
with the feet unrestrained, each foot, as it receives the weight
of the body, broadens slightly, and lengthens to the extent of
‘half an inch or more. Freedom of motion in the foot itself is
thus seen to be a natural requisite, and without it ease, grace,
and comfort in walking are out of the question. Compression
by the boot or shoe not only prevents this freedom of actiom,
but also gives rise to deformity of the feet. The sole of the
boot should be-as wide as and somewhat longer than the foot
when the weight of the body is resting upon it. The upper-
leather requires to be soft and yielding, and mot so tight
as to pinch the foot down upon the sole. The  toe of the
boot ought to be wide, leaving the toes perfect freedom of
movement. If too narrow, they are made ‘to override each
‘other, thus producing ingrowing toe-nails, corns, bunions, ete.
‘The heels should be low and broad, so as to furnish a firm
support.  High heels throw the feet forward toward the
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points of the boots, and tend to produce ﬂattemng of the arch
of the foot. -

466. Clothing should favor Umformty of Temperature.
—In health, all parts of the body have an_average temperature
of about 98° Fahr., and this is regulated and maintained by
the circulation of the blood. This uniformity of temperature
throughout the body is of the utmost importance, and as it is
controlled through the circulation, any thing which disturbs
this should be carefully avoided. Clothing may do it in various
ways, producing local results often of a very injurious nature.
Compression obstructs the flow of blood, and at the same time
forces out what the part already coutains. Over-clothing par-
ticular points leads to the accumulation of heat and consequent
relaxation of the vessels, when more than the normal supply of
blood flows in, and congestion results. A lack of clothing, by
affording -insufficient protection, permits the rapid escape of
heat, and thus the temperature may fall below the healthy
standard, while the surface blood is driven’ inward, producing
congestion of the internal organs. Compression, wherever ap-
plied, causes paleness, diminishes the calibre of the vessels, and
is attended with an immediate lowering of the temperature,

* Henee the cold feet and hands caused by tight boots and tight
gloves. Of the other causes of disturbance, both are generally
operating: while one part is overheated by a superabundance
of clothing, another part may at the same time be suffering
from cold. This' is often the case with children, who may be
seen in cold weather loaded with clothing about the. chest and
neck, while the legs and lower portions of tbe tmnk are hardly
more than covered,

467. Disturbance of Vascular Partl-—Ceﬂmn organs of
the body are more vascular than others; that is, their blood-
vessels are larger and more numerous, and they receive a pro-
portionately larger supply of blood. -'The throat; the lungs, the
liver, and. kidneys, arc examples, Owing to their extreme
vascularity, these :organs are peculiarly liable to become the
seat of engorgement if overheated by clothing or otherwise,
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especially when other regions are at the same time imperfectly
protected. An instance forcibly illustrating the bad effects. of
habitually overheating a part recently came within the writer’s
notice. A boy, 16 years old, had been daily employed for a
period of about three months in the winter season, in a work-
shop where he was obliged to stand with his back very near a
hot stove. This maintdined an almost constant congestion of
the kidneys, which had led, when I saw him, to well-marked
Bright’s disease. The region of the kidneys is commonly

- overdressed by the lapping at this point of the garments which
clothe the trunk and lower extremities. In this way, two or
three extra thicknesses are commonly obtained, and a tendency
is thus created toward the accumulation of blood in these im-
portant organs, '

- 488. Overdressing -the Throat.—Muffling the throat is
very common, particularly among children, and it is often re-
marked that those who wrap it the most are the ones who suf-
fer most from its disorders.” This practice is perhaps respon-
sible for more sore: throats, coughs, and croups, than all other
causes put together; and when this overdressing of the neck
is supplemented, as it commonly is in children, by short dresses
and thinly-clad extremities, the conditions are most complete *
for the production of all sorts of throat and lung affections.

469. Flannel next the Skin.—Uniformity of temperature
is greatly promoted by constautly wearing next the skin some
non-conducting material, such as flannel or silk. This prevents
sudden chilling of the surface, which, in our variable climate,
is liable to take place at any time, unless specially guarded
,against. Flannel is found by experience to be best for this
purpose ; bat, in those cases where it irritates the skin, cotton-
flannel or silk may be conveniently substituted. Linen should
never be used. The good effects of wearing flannel next the
skin the year round are unquestionable. In both cold and hot
climates it is found to be an efficient safeguard against dis-
ease; and there are few who cannot soon become accustomed
to its use.
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470. Clothing of Children.—Erroneous notions upon this
subject lead to wrong practice, which is followed by the most
pernicious consequences. Many entertain the idea that their
constitutions may be hardened by exposure ; but, instead of any
such vague benefit, specific and positive injuries are produced.
Clothing, diet, and healthy growth are intimately correlated.
Food is the source of all bodily function and power, and the
supply of force from this source is necessarily limited. Each
day’s bodily exercisc, each day’s mental exercise, each day’s
waste, repair, and growth of all the organs, and the definite
amount of heat required to maintain the system at 98° during
the 24 hours—each and all are at the expense of the food daily
digested, and any overtaxing in one direction involves corre-
sponding deficiencies in others. If the body is insufficiently
clothed, there is extra loss of power through waste of heat, and
a necessary reaction upon the constitution. The waste of heat
cntails a lowering of vital processes, and body and brain fail to
reach a vigorous development. Thus, the naked legs and arms
of children, which so please the vanity of silly mothers, are at
the cost of their perfected constitutions. The exuberant energy
of childhood is not to be carelessly squandered, but carefully
economized and directed to its highest uses.

471. Clothing in Advanced Age.—As the bodily func-
tions decline in vigor with advancing life, the protecting influ-
ence of clothing becomes more necessary. The incapability
of the aged to resist cold is well known, and fatal consequences
frequently follow from persisting in old habits, and neglecting
the indications of Nature for increased warmth and abundance
of apparel.
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CHAPTER XIX.
EXERCISE AND HEALTH.
Secrion I.—Labor and Ezercise.

472. Man intended for Action.—Anatomy and Physi-
ology alike proclaim that the purpose of the human constitation
is activity. The provision for varied and complex movement
is seen in the jointed skeleton, the contractile muscles, the
controlling nerves, and the power-supplying apparatus of di-
gestion and circulation. Thus the whole economy of the
organism testifies’ that its end ‘is action. Moreover, the ¢éir-
cumstances of life involve the necessity of action. Effort must
be put forth for the maintenance of existence, and for the
gratification of the various faculties of our nature.

473. Labor.—This great end of our being finds its legiti-
mate and natural expression in labor, which is human action
applied to various materials and objects, for the attainment of
some productive or useful result. The necessity of labor is thus
doubly provided for in the construction of the human fabric
and the order of external nature, and, when performed with

due regard to the laws and rights of our being, it is in every-

respect a benefit and a blessing. - But when pnrsned to excess,
as has nnhappxly been too common in the- past history of man-
kind, it is perverted into degrading drudgery, and"l:'ﬁen be-
comes a curse.

As skilful and cffective labor involves mtelllgénee, time
and thought are needed to secure aptness in its performance,
and the narrower the range of effort, the greater is the facility
attained. This restricts the individual to specific pursuits, and
gives rise to that diversified system of division of labor which
has grown to such vast complexity in modern society. The
tendency of this system is to call into intense exercise a portion
—perhaps but a small portion—of the activity of the individual,
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and to leave the remainder of his powers unused. In many vo-
cations the hands only are brought into requisition, while the
body is- unexcrcised ; in others, the muscular system alone is
involved, while the brain remains unoccupied ; in other cases
the brain is active and the body at rest, or perhaps a portion
only of the brain is exerted, as in numerical computation and
‘managing accounts,

474. Exercise.—Thus the tendency of modem life is to
overwork a narrow portion of the human constitution and un-
derwork the remainder, so that a large part of it is not called
into the activity for which it was designed, and which is neces-
sary to health. There are few persons whose habitual activi-
ties are so complete that they do not require to be supple-
meuted by various artificial exertions, while this need is still
more imperative with those of sedentary lLiabits and the classes
of leisure. To meet these various emergencies,’and give to
the unused portions of the human system their requmte action,
is the object of ezercise.

SecrioN E—Efects of Regﬁlakd Ezercise.
475. Transformation of Physiological Forces—All those

vital processes which are essential to life, as digestion, circula-
tion, respiration, secretion, are carried on independently of the
will, and give rise to a large and constant amount of activity in
the system. But labor and exercise are performed by calling
into action an additional system of- agencles—tbose of the vol-
untary muscles-—and to maintain these in a state of activity,
involves an extra requisition upon the various involuntary
orgaus. As the materials of the body are derived from the
substance of the food, so all vital power is derived from the
force stored up in the food. Organic matter is in a state of
molecular tension, and, when decomposed, these tensions are
given out in the form of physical forces. Food is organic mat-
ter, suited to undergo assimilation, and then to give out its

molecular tensions in various forms, as animal heat, muscular
15%
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power. It follows that in work, or exercise, the voluntary
muscular system draws upon the involuntary functions for its
supply of energy; and hence, in proportion to the force ex-
pended, is the general exaltation of the vital processes.

476. Exercise, Waste, and Repair.—Bodily exertion thus
increases atomic changes, and quickens that metamorphosis of
tissues in which health essentially consists. Exercise is at the
expense of waste; waste involves repair, and these augmented
procesees call into higher action the whole apparatus of supply
and excretion. Habitual exercise is thus the cause and condi-
tion of that vital renovation of parts which is the source and
measure of constitutional vigor. '

477. Effect upon the Circulation.—As the circulation
ministers immediately to all the functions, its energy rises and
falls with their activity. Exercise increases the movements of
the heart in ‘both force and frequency, and accelerates the flow
of blood through all parts of the body. The circulation is also
aided by the contractions of the voluntary muscles, which, by
pressing upon the walls of the veins, tend to force along the
current of blood. Moreover, this increased activity of the cir-
culation meets the increased dcmand of ‘the muscles for new
material, to renew the disintegrated structures; and it also
effects the speedy removal of all waste products, by rapidly
transferring them to the proper eliminating organs. Thus, the
coraplex stream from which nutritive materials are constantly
drawn, and into which waste matters are constantly poured, is
directly atfected, both in its composition and rate of movement,
by the state of action of the voluntary muscles.

Exercise also, it is well known, heightens the calorifying
functions. It is through the increased activity of the circula-
tion that the body is warmed by exercise. This is the reason
why walking is so effectnal in warming the feet, and why
exertion of any kind raises the temperature of the parts em-
ployed.

478. Effect upon Respiration.—Circulation and respira-
tion are accelorated together by exercise, as whatever quickens
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the pulse hastens the breathing. It being the office of respira-
tion to furnish the prime mover of vital changes—oxygen—
and to rid the system of the chief product of such change—
carbonic acid—this process is doubly subservient to the great
dynamic objects of the organism. It follows that a fundamen-
tal condition of exercise is unimpedcd respiration. If the pul-
monary circulation and the elimination of carbon are in any
way interfered with, the power of continued exertion rapidly
declines. As thus muscular movement depends immediately
upon the excretion of carbonic acid from the system, and as.
this, in turn, depends upon the state of the air itself, we see-
that an impure atmosphere is unfavorable to vigorous and
healthful exercise. This explains the lassitude and indisposi-
tion to effort in unventilated houses, workshops, and factories.’
Exercise should, therefore, as much as possible, be carried on
in the open air, or in places which admit of the freest ven-'
tilation.

479. Effects upon Digestion.—As power comes from food
in the case of the living machine, increased expenditure of
power, of course, implies increased consumption of food; hence,
exercise sharpens the appetite. In those who indulge in active
and regular exercise, digestion is effected with greater ease, and
the process is more rapidly and more thoroughly completed
than in those of inactive habits. In many cases, where the
dlgestu'e function bas become impaired, either from babitual
inactivity or a too close application of the mind, relief can
easily come through systematic and judicious exercise. Im-
mediate exertion after a full meal is injurious, for several rea-
sons. The distended condition of the stomach intcrferes with
the free movement of the diaphragm and heart, and thus both
respiration and circulation are mechanically impeded, while
the diversion of blood and nervous force to the muscles with-
draws them from the digestive organs and hinders their
functions.

480. Effect upon the S8kin,—With exercise, the skin be-
comes redder and hotter, from the increased amount of blood
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it receives. During exertion, heat is rapidly developed within
the body, but its accumulation is prevented by the escape of
water through the skin. No amount of external cold is able to
provent this outward passage of fluid, though it may slightly
hinder evaporation. There is, therefore, little danger of chill
during active exercise; but when exertion is over, there is great
danger of it, for the heat of the body rapidly declines, while
evaporation continues, which still more reduces the tempe-
rature. During exertion, the skin may be exposed without
danger; but during the intervals of rest, it should be covered
sufficiently to prevent the least feeling of coolness of the
surface.

481. Exercise should be ‘Regular.—Like eating and
sleeping, exercise should become a regular and persistent daily
habit. It is an imperative necessity of the system, and, as an
element of personal hygiene, is indispensable. If it be resorted
to in any form of bodily training, as in military drill, rowing,
or other athletic effort, it is found that the periods of. exertion
must not be less than half an hour, in order to take hold of the
system, and produce the positive effect of bodily discipline.

482. The Mind in Exercise.—FExercise, or simple muscu-
lar movement, whatever may be its value for health, has in
itself very few attractions, and will be avoided rather than prac-
tised, unless there is connected with it something capable of
calling the mind into pleasurable activity, When taken merely
from a sense of duty, or “ because the health requires it,” ex-
ercise becomes a drag and a bore, without vigor and of little
benefit. 'When, however, it can be made the means of enjoy-
ment, by associating with it something agreeable and exhila-
rating, it becomes at once spontaneous, vigorons, and ‘hearty,
and its value to the health, both of mind and body, is mcreased

in a great degree.
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Szorion IIL—Eacessive and Insufficient Erercise,

483. Effects of Over-exertion.—With the proper amount
of exercise, the muscles increase in size, hardness, and elastic
vigor, until the equilibrium of waste and repair is carried to its
highest point. Exercise is at the expense of the part in action;
in vigorous exertion, decomposition prevails over renewal. The
muscles can bear this for a certain length of time, and then de-
mand rest; in which repair prevails over waste, and restoresthe
balance. - If exertion be pushed still further, the equilibrium is
lost; destructive changes prevail over reparative, and the mus-
elo begms to degenerate and lose power. Prolonged exertion,
without sufficient rest, impairs nutrition, and renders the mus-
cular fibres soft and flabby. Nature thus ‘provides for the
rhythm of activity and repose.. The involuntary muscles, as we
have seen,—those of the heart and ochest,—act in this inter-
mitting way, and are thus kept up to a constant state of vigor.
The law is eqnally imperative for the voluntary muscles, and
the proper rest is to: be secured either by ceasing from activity,
or by calling different sets of muscles into alternate exercise.

‘When the muscles are weak, repair goes on more slowly
than when they are “in condition.” Hence, in anyeffort at ac-
quiring strength by exercise, either after sickness or prolonged
sedentary occupation, the exercise should at first be very light,
and. of short duration, with long intervals of rest. ~ As the
strength- slowly increases, the exercise may be “increased, but
exhaustion in all such cases is to be carefully avoided. :

*-Excessive exercise often producespalpitation, and’ some-
tlmes hypertrophy and valvular disease of the heart. - Daring
exertion, if the heart is not oppressed, its movements, though
rapid and forcible, aré regular and equal ; but when it beeomes
embarrassed, the pulse-beats are quick, unequal, and at last be-
come irregular, indicating: injury to the organ.  All great or
sudden efforts ought to be “carefully avoided, as they not only
affect injuriously the muscular system, by direct overstrain, but
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it is at such times that blood-vessels are ruptured, and that the
walls of important cavities give way.

Rest after exertion is one of the most important conditions
of health. 'Work or exercise carried habitually to the length
of exhaustion, by lowering the bodily vigor and depressing the
powers of the constitution, not only diminishes resistance to
the encroachments of disease, but greatly reduces the capability
of recovery in cases of sickness. Particularly in childhood,
when the bones are yet incompletely ossified, and the muscles
undeveloped, excessive labor or exertion is liable to entail per-
manent injury. If persisted in, arrested development of either
body or mind can hardly fail to result. From the age of 15
to 25, although full growth may have been reached, the powers
of endurance have not attained their maximum, and all ex-
hausting tasks require to be avoided. Young soldiers, break
down under the toils and privations of the camp sooner than
mature men. This is also true in civil life, where the young
and immature are called upon to match their powers with
those in the maturity of manhood ; and the remark is equally
applicable to the female, under the spur of competition with
the male sex. The consequences are seen in broken-down
constitutions and premature decay.

" 484, Effects of Insufficient Exercise. —Inaction contra-
venes the supreme design of the human constitution, and is
therefore adverse to its health. As bodily vigor results only
from active and well-regulated exercise, the absence of such
exercise must entail bodily debility. As exertion favors nutri-
tion and the healthy development of active parts, inaction im-
pairs nutrition, reduces the size of the muscles, and gives rise to
fecbleness. The amount of injury in the case may, however,
depend much upon accompanying circumstances, If abstinence
from exercise be attended by abstinence in diet, there will still
be loss of power, low vitality, and diminished resistance to
morbific influences; the evils will be rather of a negative char-
acter. But if deficient exercise be accompanied by a free in-
dulgence of the appetite, perverted nutrition and positive dis-
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ease will be the necessary consequence., Nutritive materials
that would be reduced and excreted through bodily exertion,
accumulate in the system, clogging its movements, deranging
its functions, and deteriorating its structures, Not only is
there an abnormal accumulation of fat, amounting to actual
disease, but an aberration of the nutritive forces, thut under
mines the healthy structure of the tissues. Nor is this muscn-
lar deterioration limited merely to the parts that are unused ;
the involuttary mechanism becomes implicated. Deficiency
of exercise often leads to fatty degeneration of the heart, with
loss of power and derangement of the circulation. In shert,
as vigorous and systematic exercise is a prime condition of the
general health, so the want of it favors the approach of discase,
which may take many forms, according to the circumstances
of the counstitution,

4856. Amount and Conditions of Exercise.—As to the
amount of exercise necessary to meet the requirements of the
‘healthy individual, no precise rules can be given; that amount
will vary with many circumstances. Persons of sedentary
habits would be seriously injured by attempting to perform
an amount of work which, to others of a more -active turn,
would hardly exceed the bounds of recreation. The inmate
of the workshop or factory would be speedily exhausted by
the ordinary tasks of the out-door laborer. In any given case,
the amount of exercise should be determined and regulated by
the state of the constitution. That exercise is deficient which
does not engage the vigorous action of the chief muscles of the
system for a considerable period each day; and that too great
which, passing beyond the point of simple fatigue, is prolonged
to the period of exhaustion.

The sedentary, if they would acquire strength, must begin
with light exertion, limited to short periods, and take ample
time for rest. Nothing is more erfoneous, and, if carried into
practice, more injurious, than the notion that great exertion
will augment the strength of those unaccustomed to active ex-
ercise. The growth of muscle, in both substance and power,
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is a gradual process, and one that ‘is retarded rather than has-
tened by overwork, If exhaustien or restlessness follows ex-
ercise, we may be certain that it has been overdone, and will
be productive of weakness rather than strength.

" As has been stated in & previous chapter, an abundant sup-
ply of pure air is at all times a vital necessity of health; but
the demands of the system in this respect are greatly increased
during active muscular exertion, As the diminution of waste
products is a result of ‘oxidation, it is hindered by breathing
an impure atmosphere. For this further reason, open-air exer-
cise is much superiot, as a health-promoting agent, to that
carried ‘on withm the walls of a gymnasmm or other conﬁned
area.’ -

- 486, Remedid l'nﬂnenoo of Exmile.—lf thus excrcise be
an essential condition of health, and the wantof it a fruitful
canse of disease, it is obvious that only by the reéstablishment
of the needed exercise can' health be regained... But in many
cases the diseases induced ‘make ‘the required effort either im-
possible or very difficult.- What:is known as‘the mozement-
cure is a kind of dynamic treatment, in which "the :patient is
subjected by the physician ‘to various kinds of artificial exer-

“cise. In many cases of local weakness and partial paralysis,
by the help of skilfnlly—constmoted mechanieal ‘eontrivances,
these parts are gradually brought into action,: and healthy
power slowly recovered. 'The prmclple in this case is valu-
able, -and, important as ' remedial agency, its employment has
accomplished much good, and more is to be expected from its
further deve]opment. :

L v e
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CHAPT'Ei% XX. .
MENTAL HYGIENE A
Si:cuﬂw I.—Relations of Mind and Body.
487. Mental Health a Physiclogical Question.—Thus far

we have confined attention mainly-to the influences which act
on the general bodily health, but the ‘ptinciples of hygiene
have a still hlgher apphcatlon “The mind has its states of
health and vigor, of debility and disease, like ‘the body, and
these states are influenced by definite causes in the former case
as well as in the latter. Mental philosophy, as commonly un-
derstood, explains to us the operations of thought and feeling
as we discover them in the working of our own mmds, and
takes little account of the part played by | the corporeal system
in the control of these processes. But if we would understand
the conditions of mental health, and the nature and causes of
mental impairment, the body must at once be taken into ac-
count. The study of mental plienomena in - their corporeal
relations thus becomes the business of the phvsxologlst. ‘He
sees that mind is not only intimately dependent upon the body,
but that they have close and powerful reactions; states of body
determining conditions of mind, and states of mind mﬁuencmg
conditions of body. Nature presents the pmblem, not of mind
scparate, but of mind and body bound up in a living unity, and
the physiologist must take the question as he finds it.

488, The Brain and the Mind.—It is: now universally
admitted that the brain is the grand nervous centre of thought
and feeling—the material instrament of the mind, and that all
mental actions are accompanied and conditioned by physiolo-
gical actions. From the high complexity of composition of
nervous matter, it is extremely unstable and prone to change.
The brain is therefore not only, like all other parts of the body,
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subject to the double metamorphosis of waste and repair, but
the transformations take place in this organ with more rapidity
than in any other part of the system. Upon these changes
the mental operations are vitally dependent, and if in any way
they are interfered with, there is disturbance of the intellectual
processes; If the cerebral circulation is lowered, mental-activity
is diminished ; if accelerated, the mind’s action is exalted.
Various foreign substances introduced into the blood-stream
alter the course of thought, some affecting it one way and
some another, but each, through its specific physiological
effects, producing characteristic psychological effects. Inflam-
mation of the brain induces delirium, while different diseases
of the organ, or perversions of the blood circulating through it,
give rise to various forms of insanity.

It is important to note, not only that mind and body are
both governed by laws, but that they are to a great extent
governed by the same laws. Whatever improves the physical
qualities of the brain, improves also the mind; whatever
deteriorates the brain, impairs the mind. They have a com-
mon development, are equally increased in vigor, capacity, and
power by systematic and judicious cxercise, and are alike in-
jured by deficient or excessive effort. The brain is exhausted
by thinking as much as the muscles by acting, and, like the
exhausted muscles, it requires time for the restoration of vigor
through nutritive repair. As thus the mind is dependent upon
the conditions of the brain, while the brain is controlled by
the bodily system, we see how impossible it is to deal with
the mental powers in a practical way without taking the ma-
terial organization into account.

The objection often made, that this method of considering
mind involves or leads to materialism, is altogether groundless.
Materialism is a doctrine of causation which affirms that mind
is a product of organization, But the degree to which mind is
organically conditioned and limited is a pure question of fact
and observation, and is totally independent of all speculation
upon the former subject. If, to assert that “the brain is the



RELATIONS OF MIND AND BODY. 355

organ of the mind,” involves materialism, it can only be said that
all intelligent persouns are to be ranked as materialists; but if
not, then certainly the physiological inquiry which aims merely
to trace out the details of the connection between mental mani-
festations and corporeal states, is not obnoxious to the charge.
There is nothing in the subsequent working out of the particu-
lars that is not involved in the first broad assumption. -

489. Mental Health and Disease.—The observations made
in regard to the true nature of diseases (361-2)—that they are
nothing more than perverted physiological actions—need to be
here repeated with emphasis. Those who habitually think of
the mind as a separate entity merely coexisting in some vague
way with the body, will naturally look upon mental derange-
ments as disorders of this entity—diseases of an abstraction.
But this view bas proved misleading and injurious in the
extreme. So long as maladies of the mind were regarded as
demoniac possessions, or as * fermentations taking place in a
spiritual essence,” all rational causality was excluded, and the
arts of relief and prevention were impossible. When, how-
ever, it became established that mind depends upon definite
physiological conditions, there was no escape from the conclu-
sion that physiological perversions are causes of mental
derangement. ¢ Fair weather and foul equally depend upon the
laws of meteorology ; health and disease equally depend upon
the laws of animal life.” As mental health is dependent upon
the due nutrition, stimulation, and repose of the brain, mental
disease is to be regarded as resulting from the interruption or
disturbance of those conditions.

In showing that mental weakness is a concomitant of bodily
debility, and mental aberration a consequence of bodily dis-
order, the physiologist lays the sure foundations of a practical
Mental Hygiene,the province of which is to consider the various
causes which disturb the harmouny and impair the vigor of
mental actions, Taking note of the multiplied forms and de-
grees of disturbance and degeneracy to which the mental na-
ture of man is subject, it traces them to their numerous causes,
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and discloses the extent to which they are avoidable. As bodily
and mental health depend to a great degree upon the same
conditions, all that has been' said in- the foregoing chapters
concerning ‘the sauitary influences which affect the corporeal
system ‘has likewise its- bea.nng upon heslth of mind. But the
mental aspects of the subject are. 80 generally ovetlooked as to
demand special consideration. - '

- Diseases of the brain are, above all others, complex and
obscure. Those of subordinate parts affect only the organic
fanctions; but when the higher mervous centres become dis-
ordered, thought, feeling, will, conduct, and ‘character are im-
plicated, and the whole circle of individual relations and actions
becomes a study of symptoms—a field of dxagnosxs. So great
is the dlﬁ'lculty and * responsibility’ of the task, that only the
educated and capable physician who devotes his life to this
specialty is competent-to deal with these cases. -And: yet all
members of the commumty have a vital mterest in-the subject
because, first, health and’ vigor of - ‘mind are of the highest im-
portance, while each- person has these interests in his own im-
mediate ecare; second, the causes whick undel‘mme them are
numerous and insidious ; third, every one is-liable to be called
upon to act fesponsibly with reference to others who may be
the subjects of mental. rmpanment Soirth, soclety has a duty
to perform toward the defective-minded; which should- be per-
formed, not -ignorautly; but mtelhgently, -and, ﬁnally; because
a real knowledge of the ebarmetenstlcs and causes of mental
deterioration is the key to'a true understandmg of the constl-
tution of human nature. '

While, therefore, that -detailed and deeper nndersmndmg
of these queations whieh ‘is: necessary to ‘discriminate their
minor distinctions is only to be expected of the’ professxonal
expert,’ ‘such a general scquaintance with the leading types of
mental disease ° as will facilitate -an-understanding of causes is
needed “for all. --A section -of -the- presént chapter may there-
fore bé proper'ly devbted to then- descnptxon and 1Hustra-
tion.
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Secrion IL —Formc o . Mental Impatrmcnt

_ 490 Modes of Mental Action.—Mental effects are mani-
fested by the.brain in'a threefold form, as JIntellect, Feeling,
and Will. The intellect is. the perceiving or knowing part of
the mind, including -perception, memory, reason, imagination,
and judgment. The mental natare has also .an affective side,
consisting- of feelings, -sentiments, emotions, passions, The
intellect is disoriminative, and . has. relation .to .the reality or
truth of things; the foelings are smpulsive, and have regard to
pleasure or pain. The will is the. determinative or volitional
part of the mental constitution, and has. relation to effect or
action. The intellect is an eye that sees.an end to be attained
and the means of reaching it; the feelings, or desires, farnish
the impulse to its attainment, and when these.rise to sufficient
intensity, they- xssuo in a 'volition, . which put& the body in
movement to secure the thing desired.

These are not separate elements of our psycblcal bemg, but
interwork so closely and harmonionsly as to give rise to per-
fect mental unity. .Still the. distinction is.so fandamental as
to be recognized, both in the study of the healthy human fac-
-ulties and also in their morbid manifestations. There is an
insanity which is predominantly infellectual, disclosing itself in
disordered sensation, perception, . memory, judgment, and
reason, without deeply involving the feelings ; and thera is an
'emotional insanity, which consists in the unregulated action of
the impulses, while the intellect may be but slightly distarbed.
But usually all these faculties are more or less involved in the
mental disturbance,

491. Aberrations of the Intellect.—Tn Chapter XI Sec-
tion I, it was stated that, owing to certain conditions of body,
false appearancea and various disturbances. of the senses are
liable to arise. These errors are of several kinds.

Hallucinations.—The case of Mrs. A., the details of which
were ‘given (296), belongs to a class of decephons in which
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objects appear to be present, when in reality they are not;
sensations are perceived, although there are no material objects
to produce them. All the senses are subject to these decep-
tions; sights, sounds, tastes, smells, and contacts are experi-
enced when there are no realities to cause them. Mental mis-
takes of this kind are known as hallucinations. ‘
They are very common, and the greatest minds are often
subject to them. Byron fancied' he was visited by a spectre,
which, he confesses, was but the effect of an overworked brain.
Dr. Johnson said that he distinctly heard the voice of his
mother calling “ Sam,” although she was, at the time, residing
a long way off. Goethe positively asserts that he one day saw
the exact counterpart of himself coming toward him. =Descar-
tes, after long confinement, was followed by aninvisible per-
son, calling upon him to pursue the search of truth. Luther

imagined he saw-the devil, and threw his inkstand at him. .

Hullucinations may. thus coexist with a sound state of the rea-
son, which recognizes their true character. In the insane they
assumo a thousand singular and fantastic forms.
JUlusions.~—Again, an object may be perceived, but misun-
derstood, or mistaken for something else. In this case there
is an dllusion. These, also, are very common. The apparent
flight of the trees and fences as we glide swiftly along in the
railway-train ‘is an example of illusion, which is immediately
corrected by the judgment. The mirage at sea, or on the des-

ert, is another illustration. When the imagination becomes -
- morbidly excited through the influence of fear, superstition, or

" otherwise, there is great liability to illusion. The folds of
drapery, or picces of furniture, seen by a pale, uncertain light,
are. taken for apparitions; the clonds are transformed into
fighting armies, or the heavens appear filled with blood. When.
the mind becomes more deeply perverted, one person is mis-
taken for another; animals arc mistaken for men, and con-
verscly, an old hat for a royal crown, and a handful of pebbles
for heaps of gold. : .

Delusions—~In the foregoing cases the seat of error is, not
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the senses themselves, but the judgment in relation to objects
of sense. But the mind is liable to deceptions, and various
false notions, which have no immediate reference to sense-per-
ceptions, as where a person believes he is a prophet, or a king,
or is the victim of a conspiracy to take his life, or has lost his
soul.  False impressions of this kind are characterized as delu-
sions.

From the illustrations given, it will be seen that hallucina-
tion and illusion may coexist with a sound state of the reason,
which comprehends their real nature, and it is maintained that,
in some cases, the mind can rectify its own delusions. But if,
in any of these circumstances, the individual is incapable of
recognizing or correcting them when an appeal is made to his
reason, the case is one of delusional insarity, or insanity of the
intellect.

These delusions are, of course, liable to involve the feelings,
and the character of the insanity may depend upon the emo-
tions excited. A person under the delusion of pride, who
fancies himself an emperor or an angel, may be harmless; but
if, under the delusion of fear, he imagines those around him to
be enemies, seeking to take his life, or if he hears voices com-
manding him to kill them, his insanity is dangerous, and ne-
cessitates restraint.

492. Emotional Insanity.—By this is understood a de—
rangement of the affections, an abnormal deficiency of moral
sense, or morbid activity of the propensities, which gives rise
" to extravagance of conduct. These diseases of feeling do not
necessarily involve insanity of the intellect. A person may
have a good degree of intelligence with a very low and defec
tive moral nature, or he may be driven by insane impulses to
the commission of acts which his judgment condemns. In the
healthy balance of the faculties, reason guides the passions;
but these may be so morbidly exalted, that reason loses its
empire ; it can counsel, but no longer control. Moral perver-
sities of character ma’ybbe congenital, or from birth, when the
whole life of the individual is morally unhealthy, or it may be
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due to various causes, the effects of which are seen in a pro-
found change in the conduct.

Examples of the former kind are numerous where mertness
or obtuseness of the moral nature, and a controlling activity
of the lower. propeusities, have been witnessed from childhood,
and over which threats, rewards, and punishments were with-
out infiuence. Cases of this kind are well represented by the
individual described by Dr. Crawford:

“.He exhibited a total want of moral feelmg and prmcxple,
yet -possessed eonsiderable_intelligence, ingenuity, and plausi-
bility. He has never been different from what he now is; he
has never evinced the slightest mental incoherence on any
point, nor any kind of hallucination. He appears, however, so
totally callous with regard to every moral principle and feeling,
so totally unconscious of ever having done any thing wrong, so
completely destitute of all shame or remorse when reproached
for his vices or. his crimes, and has proved himself so utterly
incorrigible through life, that.it is almost certain that any jury
before which he might be brought, would satmfy their doubts
by returning him insane.”

In the. other class of cases, persons in whom mental de-
rangement had never appeared, become the subjects of a
gradual change of feeling and conduct. They are noticed
to. be. unusually absorbed reserved, and irritable: upon the
- slightest provocatlon. . As the cloud gathers, there is increas-
ing suspicion and moroseness, and, without perhaps knowing
the reason, the patient’s friends regard him as an altered man.
At last the storm bursts, and some outrageous act is committed.
If it is not a breach of law, he is pronounced insane, and sent to
the asylum ;. if in violation. of Jaw, he is probably declared a
criminal, and ‘sent to prison or to execution. Or the case may
terminate in suicide, under a blind 1mpulse to self-destruction.

A good illustration of emotional insanity is given by Dr.
Maudsley. A married lady, aged thirty-one, who had only
one child a few months old, was for months afflicted with a
strong and persistent suicidal impulse, without any delusion,
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or any disorder of the intellect. After some weeks of anxious
care from her relatives she was sent to an asylum, so frequent
were her suicidal attempts. She was quite rational, even in
her great horror and reprobation of the morbid propensity, and
bitterly deplored the grief and trouble she caused her friends,
Nevertheless, her attempts at suicide were unceasing—at one *
time trying to strangle herself, and again refusing all food.
After she had been in the asylum for four months she appeared
to be undergoing a slow and steady improvement, and watch-
fulness was somewhat relaxed; but one night she suddenly
slipped out of a door, climbed a high garden-wall with sur-
prising agility, and threw herself headlong into a reservoir of
water. She was got out before life was qiite extinct; and
after this attempt, gradually regained her cheerfulness and love
of life. Her family was saturated with insanity. Dr. Maudsley
exclaims : “In face of such an example of uncontrollable im-
pulse what a cruel mnockery it is to measure the lunatic’s respon-
sibility by his knowledge of right and wrong !—implying that
there are those who would limit insanity to derangement of the
intellect—a derangement so profound as to obliterate the capa-
bility of even discriminating between right and wrong. There
has been a reluctance to admit the existence of what is termed
moral insanity on the part of many, who confine their attention
to the practical difficulties it involves as regards society ; but
with those who make it their business to study the facts in a
true scientific spirit there is no shadow of doubt in the matter.
Examples, like those above mentioned, innumerable and end-
lessly varicd, but all presenting the same marked and essen-
tial features, are to be rationally accounted for. It being ad-
mitted that derangement of the intellect is due to disease of its
organ, and furthermore that the brain is the instrument of
feeling as well as of thought, there can be no escape from the
conclusion that cerebral disorder may also give rise to insanity
of the feelings and propensities. The conviction of all emi-
nent physiologists and pathologists upon the subject is thus
expressed by Dr Carpenter :-
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“¢There may be no primary disorder of the intellectual
faculties, and the insanity may essentially consist in a tendency
to disordered emotional excitement, which affects the course
of thought, and consequently of action, without disordering
the reasoning powers in any other way than by supplying

. wrong materials to them. Moral insanity may, and frequently
does, exist without any disorder of the intellectual powers, or
any delusion whatever.’”

Dr. Ray makes the following judicious and foreible obser-
vations upon the practlcal aspects of this subject: “While
people clearly recognize the infinite diversity of intellectual
gifts, and would no more expect the fruits of genius and talent
from those who had been denied by Nature the slightest por-
tion of either, than we should grapes from thorns or figs from
thistles, they are in the habit of believing that for all practical
purposes the moral endowments of men are equal. Not exactly
that they are equally benevolent, equally honest, equally true to
the right and the good; but that they might be if they chose.
They never would think of saying to men, ‘Here is poetry,
here is philosophy, here is art; you have the capacity to excel
in either; take your choice, and be rewarded or punished
accordingly.’ '

“In the moral semse or fuaculty it is easy to recognize two
different elements, viz., the power to discern the distinction
between right and wrong, virtue and vice, the honest and the
base, and the disposition to pursue the one and avoid the
other. These elements, like those of the intellect, are une-
qually developed in different men, which inequality may be
either congenital or produced in after-life by moral or physical
-causes. And thus, though a person may act with perfect free-
dom of will, unconscious of any irresistible bias, yet it is obvi-
ous that his conduct is actnally governed more by these varia-
ble conditions of his moral nature than by any abstract notions
formed by the intellect. '

¢ From the unquestioned fact that the brain is the material
instrument of the mind, we are led to the inevitable conclusion
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that its physical condition must modify more or less its mental
manifestations, moral as well a3 intellectual. It is said, in~
the common form of speech, that a person is good or bad
because he chooses to be the one or the other; and it is
all very true, and sufficient perhaps, for our rough estimates of
responsibility, but it does not answer the essential question,
What determines the choice? In the considerations here pre-
sented, and in these only, is to be found a satisfactory answer
to this question.”

493. Mania.—This is the term applied to a large class of
cerebral disorders, in which the balance of the mental forces is
lost, and the mind is in a state of preternatural excitement. It
generally involves both the intellect and the feeling, but is
more markedly a perversion of the impulses and propensities.
Mania is either acute or chronic.

Acute Mania is that form of mental disease commonly
known as raving madness. It presents the aspect of high emo-
tional excitement, the facial expression showing wildness, dis-
traction, anger, or fear. In the paroxysms of acute mania,
there is violence of speech and action. The patient raves,
laughs, weeps, sings, laments, shouts, prays, and threatens; his
utterance ia loud, rapid, and impetuous; his voice harsh; he
manifests a total disregard of cleanliness and decency, and a
dangerous destructiveness in relation to those around him, or
even to senseless objects,

“The condition of the mental faculties in acute mania pre-
sents the widest differcnces. In many instances no trace of
delusion can be discovered in a patient who is vociferating,
swearing, laughing, reproaching, in constant movement, and
without sleep. The observation§ and the remarks are some-
times found to have a certain kind of cleverness, and shrewd
appreciation of all that is taking place. The attention skips
from object to object with choreic rapidity and abruptness,
causing exaggerated and absurd emotional states, but in many
instances not falsifying the judgment. In most cases, how-
ever, delusions and hallucinations exist, and the task of detect-
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ing them is not difficult; for in this form of disease the patient
is so demonstrable, that he usually dins his delusion into your
ears” (Bucknill and Tuke).

Fra. 129.

ACUTE MANIA.

Represents the physiognomy of a case of acute mania. The patient is a woman thirty
years of age, whose -insanity was brought on by louss of character, want, and dis.
tress. There {s- much emotional and intellectnal disturb , with p
tively little derangement of the physical bealth. She believesthat she is tormented
by wltchesénnd that she is compelled by them to make noises resembling dogs,
cats, etc. She sometimes destroys crockery and glass, and attempts to get up
the chimney ; says she is cat to pieces, and that all the people around her are
murderers.  She strikes without warning straightforward blows at the faces of
those who converse with her.*

Chronic Mania is in most instances the result of the acute
form of the disease. “It represents the rudderless and shat-
tered state of the vessel after the tornado of raving madness
has swept by.” There is mental debility, persistent delusion,
and less violent émotional disturbance. Chronic mania which
has not passed throngh the acute stage frequently presents a
remarkable vigor of the intellectual functions, in so far as they
are not affected by delusion.

Patieuts with this form of disease not only retain the per-

. * This likencss and those that follow (excepting the case of idiocy), which repre-
sent the leading types of mental disease, are engraved from photographs taken from
the life, and given in the authoritative work of Drs, Bucknill and Tuke on insanity.
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ceptive faculties in all their activity, but the memory also is
found to be tenacious, and even the judgment, on matters un-
connected with the delusive opinions and perverted emotions
peculiar to the case, may be found to be sufficiently trust-
worthy.

~ 494. Monomania.—By this is understood a malady of the
mind similar in character to mania, but limited to a single sub-
jeet, or involving only a single faculty. The patient may be
the subject of a single delusion, which, being the result of dis-
ease, he cannot overcome, although upon all other subjeets the
mind is healthy; or some one emotion may acquire a morbid

F1a. 180.

MONOMANIA.

Represents a case of the monomania of Pﬂde. It is the portrait of 2 woman of thirty-
eight, who labors under the delusfon that she is her majcsty’s person; sbe is
not her majesty, but her person, a distinction on which she lays great stress,
Bhe is proud and dignifled in her demeanor. Out of the commonest materials
of dress she contrives to make a distinguished appearance. She fastens the skirt
of her dress low, 80 as to form a sort of train, and with arms folded, the head,
with {ts coronal ornaments, thrown proudly back, she would, if permitted, main-
tain an erect and regal pogition from morning till night. The intense pride ex-
presscd in the turn of head and eye, and in the firm, compressed lips, cannot be
mistaken, It s the physiognomy of an exaggerated emotion transmuted into
one delusive idea.

ascendency and domination over the whole character. Mono-
manias are of various kinds, In komicidal mania there is an
insane propensity to kill; in suicidal mania an irresistible im-
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pulse to self-destruction—a marked case of this kind has been
already described (492); kleptomania is a diseased propen-
sity to theft; and in pyromania there is an impulse to burn
buildings. There are also monomanias of pride, vanity, etc.
Dr. Bucknill describes the following representative case: “ An
industrious, honest, well-informed artisan had a fever, which
resulted in an attack of maniacal excitement. From this he
appeared to recover, but his temper was altered; he became
irritable, suspicious, and. quarrelsome. After the lapse of more
than a year he declared himself to be the Son of God. His
temper now improved, and at the present time the delusive
opinion is, perhaps, as nearly the sole mental affection as is
ever seen in cases of so-called monomania. Occasionally there
arc outbursts of violence toward those whom he thinks ought
to obey him; but on the whole he is docile, and on other
matters reasonable, and works industriously at his tra

495. Melancholia.—The forms of mental impairment thus
far noticed are marked by undue intensity or exaltation of the
cerebral function: we now pass to the consideration of those
of an opposite character, which exemplify deficient or depressed
conditions of the mental constitution. "While, for example, the
monomaniac is excited, lively, and gay, ¢ living without himself
and diffusing among others the “excess of his emotions,” the
melancholiac is sad and sorrowful, and fastens all his gloomy
thoughts upon himself.

In simple melancholia the patient loses his interest in life,
feels depressed and unequal to his duties, is cheerless, moody,
and taciturn. His thoughts are centred upon his own desper-
ate condition, which he believes to be more wretched than that
of any other person. He magnifies every circumstance which
can be regarded as of unfavorable omen, and is unable to realize
those which are favorable ; he misconstrues every observation
that is addressed to him, and when he reads, every sentence
appears intended especxally for him, if of a gloomy nature.
One pours forth his grief in sad and wailing accents ; another
is depressed -and silent. He is a prey to gloomy apprehenslons,
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forbodes constant evil, and often sits from morning till night
bemoaning his unhappy situation.

Melancholia takes a variety of forms. It may be an exag-
geration of the patient’s natural character, and bave a long
period of development ; it is often a consequence of other forms
of insanity, and may spring from the grief that follows sudden
calamity. Dr. Connolly records the case of a lady whose ouly
son dropped dead in the midst of apparent health. The shock -

Fia. 181

.MELANCHOLIA.

Rep ts o case of suicidal melancholia. It is that of a enter of steady habits,
aged ﬂ!tg-slx, and insane four months before admission to the asylum. He had been
dull and depressed, and could not attend to his trade; refused to take food be-
cause it was too good for him ; was restless by day end sleepless by night; said
that he must be burnt or scalded to death, and made uent attempts to get.at
the hot-water taps that he might scald himself, and to a duck-pond that he might
drown himself. He said that his wife had given him Xoison in a cake, and af‘t,er
that he had to be fed with a spoon till the time of his death, which occurred in a
few months, from exhaustion, after several attacks of epilepsy.

overwhelmed her with grief. In a few weeks her state became
that of deep melancholia, in which she never alluded to her be-
reavement, but was ever reproaching herself as sinful, unworthy
to live, and deserving of eternal condemnation. She became
insensible to all ordinary occurrences and affections, indifferent
to her family, inactive and silent, and attempted suicide.
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The diseased depression of the feelings characteristic of
melancholia may exist without impairing the intellectual opera-
tions, but it is gencrally. accompanied by delusious and hallu-
cinations, although these usually derive their tone from the
character of the disorder. They are insane explanations of the
patient’s wretchedness, or gloomy forebodings of what is to
happen to him in the fature.

496, General Paralysis is defined to be a form of insanity

_ characterized by a progressive diminution of mental power and
by an incapacity which gradually increases and invades the

Fra. 182,

GENERAL PARALYSIS.

Represents the physiognomy of a case of general paralysis—a man, aged forty-eigh!

who bad begn {neﬁ: th!ee months before his ndmfvssion to the asylum. {-le in&
been destructive of clothing and violent to his wife, attempting to pull her ears off.
He said it was his duty to kill her, and yet that he was always at prayer with her
and for her. Although he would kick or scratch any patient who inadvertently
touched him, his gencral condition in the asylum was tmn‘?uﬂ, verging gradually
to mindlessness. He bad only in a modified degree the delusions of grandeur;
he used to say he had a gold watch and chain, and very fine clothes, bat they
were in pawn., The portrait shows the curtain-like face, devoid of all expression,
a perfect blank of thought and teeling The head is well shaped, and the features
are handsome; but the amount of intellectual expression is less even than that
displuyed in the face of the idiot.

whole muscular system. Its victims are generally men in strong
health, from the better classes of society. ¢ General paralysis
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is cmphatically the disease of manhood, for it is hardly ever
met with before thirty, or after sixty ; the fact agrees well with
the supposition that the sole cause of the disease may some-
times lie in the agitation and anxieties incident to the most
aclive period of lif. Women seldom suffer from general
paralysis.”

The earliest symptoms of motor derangement affect the
tongue, and are evinced in thickness of speech and imperfect
articulation of words, especially in those abounding with con-
sonants; as the disease advances, the muscles of the trunk and
lower limbs are affected, and the walk becomes shuffling and
tottering, articulation becomes more indistinct, the brows droop,
the power of using the arms is impaired, the sphincters relaxed,
and the patient may be choked to death by a lump of food
sticking in the throat which he cannot swallow.

It is & curious fact that the mental derangement accompany-
ing this striking and fatal decay of bodily energy takes the form
of an exaggerated feeling .of personal power and importance,
At first there may be manifested a lack of the usual energy;
but as the disorder increases, there come extravagant delusions
of grandeur and capability of accomplishment. *The patient
fancies himself possessed of wealth and power illimitable, and
is often fantastically imaginative. One man imagines himself
the possessor of ship-loads of gold and silver and precious
stones; another fancies himself greater than God; another
says he can lift the world; and that all the children that are
born in all parts thereof issue from his loins, This man, also,
says that he is heavier than the world, and that all the men in
the world cannot lift him, We invite him to lie down, and
lift him with ease ; he immediately explains the fact that our
success is owing to the buoyaucy of the angels that are in
him ™ (Dr. Bucknill).

497. Dementia,—This form of mental impairment consists
in extreme debility which results from loss, obliteration, or
decay of the faculties. The first indication of its approach is
loss of memory, especially as to recent events, the reason and

16*
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judgment being still good within the sphere of distinet recol-
lection. The second stage has been defined to be loss of judg-
ment or an incapacity of ordinary reasoning. From this point

Fiq. 188,

PRIMARY DEMENTIA.

Represents the aspect of a woman, aged forty, the victim of primary dementia. She had
a severe attack of typhus fever when nineteen years of age, after which; her hus-
band says, “ ner jaw droncd and she has nevcr been perfectly right since.” She
was admitted in a condition of extreme filthand Eersonal neglect, and mentally was
vold of sensation, emotion, and thought. On her blank physiognomy there are
no traces of passion. telling of former storms of mania; there is not even the
slightest cflort of attention which corrugates the brow of the idiot.- She never
laughs, ‘weceps, or indicates any annoyance; knows none of the attendants b;
name, and if she were not fed like an infant, would die of starvation. She is fng
has a good color, and the physical functions are performed well, affording a
example of the extent to which physical health may be retained when the activity
of the cerebral functions is reduced to its lowest cbb.

the malady may advance to the stage of incomprehension, the
individual affected being incapable of understanding the mean-
ing of any thing said to him. The thoughts are incoherent and
the determinations vague, uncertain, and aimless. The last
stage is marked by the loss of all sense, volition, and even
instinet, the victim of disease having sunk to a mere organic
existence.

Dementia is said to be primary when it is the first stage
of the mental disorder, and develops itself directly by loss of
memory, the power of attention, and executive ability. It is
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secondary, or consecutive, when it appears as a consequence
of other diseases. Insanity in its various forms often degener-
ates into dementia,

‘Fia. 134

S8ECONDARY DEMENTIA.

This Hkeness is of a woman, aged forty-nine, the subject of secondary dementia. Her
insanity of two and a half years’ standing began with acute maniacal excitement,
with delusions of a religious type and suicidal desire. Bhe thought that her soul
was separated from her body, and that it was forever lost. She tried to strangle
herself, After admission to the asylum the violence subsided, and she passed intoa
state of chronic excitement, which has continued with grnduaﬁl decreasing mental

wers. - 8he holds‘imaflnary conversations with persons she known in early
ife, and this hallucination has caused that earnest, inquiring look so faithfully
given iu the portrait, The general exrresston of the face is that of mindlessness,
combined with deep lines of emotional excitement which presents a marked con-
trast to the foregoing case of primary dementia. ’

498. Idiocy.—This term is applied to that profound infirm-
ity of the cerebro-spinal system which is due to arrested devel-
opment before birth, or in carly infancy, and which perverts
or destroys the reflex, instinctive, and intellectual functions.
Idiots are incapacitated in their movements, senses, feelings,
understanding, and will. The characteristics of this condition
are manifested in different degrees. '

In the lowest form of idiocy there is total mental vacuity.
Its victim is deaf, dumb, and blind, without taste or smell, and
is hardly alive to external impressions. - The functions of or-
ganic life are ‘but ill-performed, the helpless creature being
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below even the vegetable and he would perigh but for the con-
stant care of others.

Fia. 185,

IDIOCY.

This cut is from a photogm‘ph of J. R., at the Randall's Island House of Refage. He
is twenty-four years of nge, four feet seven and a half inches hlgh, and weighs
seventy-two pounds. His head is but fourteen und a half inches in circum-
ference, its growth having been arrested at birth. Mentally he is a child. with
only the faintest rudiments of intelligence. He knows his attendants and
‘his name, and attempts to speak a few words, but is incapable of definite articu-
lation. He fecds himself with a s8poon, the food having been prepared for him.
He shows his red ug with vanltf, and is not without affection. He is usuall
pagsive and quiet, and gives but little trouble except when provoked; his feeble
and torpid mind being only roused by external stimulation. ~ His i a remarkable

case of congenital idiocy, in which persis i t have accom-
ished b t.glemle. ocy, persistent efforts at improvement have

A grade higher than this manifests imperfect sensation,
feeble power of motion, and the dawn of intellectual and moral
capacity. The idiot may be capable of moving about, shuns
the cold, and gives notice of his desire for food, but recognizes
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nobody and cannot help himself, while all his actions are with-
out reflection or object. _

Then there are those, still more elevated in the scale, who
begin to be conscious of their sensations, who recognize per-
sons and objects to which they are capable of becoming attached.
They have a feeble self-direction and employ signs, gestures,
or cries, to make known their wants, or they may use badly-
articulated words.

The degradation of idiots is displayed in the vacant stare,
everted lips, slavering mouth, irregular teeth, frequent strabis-
mus, imperfect senses, defective speech, and uncertain, swaying
walk. Their heads are generally, but not always, small, the
smallest, however, appertaining to the most degraded. Idiotic
heads are more commonly malformed, the skull assuming end-
lessly-diversified shapes of contortion.

499. Imbecility.—This term denotes a degree of mental
deficiency not so low as that of idiocy—a development rather
retarded than arrested. It is sometimes congenital, while idiocy
is always so. The memory and understanding of the imbecile
are in a state of feebleness, but they are capable of some educa-
tion, and of acquiring various simple arts, Like idiocy, imbe-
cility has its grades, some being so mentally torpid as only to be
aroused by influences from without. ¢ They cannot follow a
conversation, still less a discussion. They regard as serious
things the most gay, and laugh at those that are the most sad.
They reply correctly, but you must not ask them too many
questions, nor require from them responses which demand re-
- flection.” They are equal to the performance of many of the
ordinary duties of life, and are often able to take care of them-
selves. Others display considerable shrewdness, and are con-
stantly indulging in jokes; they pass for half-witted people
whose droll behavior and ready repartees create amuses
ment.

‘With more mind and stronger impulses than idiots, but -
with imperfect self-control, imbeciles are more apt to be vicious.
They are passionate and suspicious, and are liable to delusions
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of the evil intentions of others, which often make them dan-
gerous.

Fia. 186,

IMBECILITY.

8 rgse of congenital imbecility in a youth aged twenty-seven. He is the
son of a weak-minded father, und has always been of & weak mind. When first
admitted he was dirty in his babits, restless and mischievous, but has become
cleanly, quiet, and ducile. His intellectual power is very low, and the likeness
well represents the vacant, expressionless stare of imbecility.

Rep

500. Degrees of Mental Impairment.—We have here
briefly described the leading forms of mental disease, which, in
their ultimate stages, dissolve the responsible relation of their
victim to society. What to do with these cases is a question
for the physician and- the judge ; but from the point of view of
Mental Hygiene, which aims at their prevention, our attention
is drawn to the definite causes of mental impairment which are
seen in many other effects besides those of overt insanity.
There is much perverted mental action that never passes into
mania ; much mental weakness that never reaches dementia ;
much morbidity of feeling that never ripens into moral insan-

_ity. The classes in which mental defects are so prominent
that the State must assume their charge, are deplorably numer-
ous; yet they form but a fraction of the total amount of
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mental weakness and incapacity which -exists in the commu-
pity. Massachusetts reports three . thousand insane, twelve
hundred idiots, about five hundred blind, and four hundred
deaf-mutes, But, besides these, she has ten thousand paupers,
.—persons incapable of taking care of themselves—and a large
criminal class who, from moral perversity, in which low and
deficient organization plays a leading part, become the scourge
of society. And, besides these conspicuous cases of unhealthy
mental constitution, there are scattered through society thou-
sands more who are more or less disqualified for the duties of
life by intellectual inability and moral weakness. No one can
observe the inmates of a school-room without being struck by
the very considerable proportion of those who are mentally
deficient, backward, and stupid, or wayward, wilful, and vicious
of temper. In the circle of our neighbors how many can be
recollected who, by reason of mental deficiency, are practically
incompetent and unfit for self-guidance and self-maintenance in
the sharp conflicts and competitions of society. But whether
the phenomena of mental impairment are total or partial, they
are to be looked upon as due to the same general causes, and
to these we will now give attention.

Secrion II1.— Causes of Mental Impairment.

501. Insanity the Result of Concurring Influences.—As
the organ of the mind is the most delicate and complex of all
parts of the living system, while its manifestations are so varied
as to comprehend the whole circle of human thought and feel-
ings, it is natural to suppose that the causes of cerebral impair-
ment will be varied and complex in an equal degree. These
causes are usually regarded as twofold, moral and physical.
The former are those which take effect through the mind, as
anxiety, over-study, or reverses of fortune ; the latter are those
which act directly upon the physical system without the inter-
vention of the mind, as blood-poisoning by fever or narcotics,
or an injury to the head. Another division is into predispos-
tng and exciting causes. Predisposing causes are such as act
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remotely, or by slow degrees, to undermine the mental health ;
while exciting causes are those untoward events which imme-
diately precede the breaking down of the mind. It is.a.com-
mon error to assign some shock or calamity as the efficient and
adequate cause of an insane outbreak, whereas the real caus-
ality lies farther back, and the occurrence in question is.only
the occasion of its development. The germ of the insanity may
have been deeply latent in the constitution, and a long train of
influences may have been at work to impair the cerebral vigor,
while some event, perhaps of slight importance in itself, serves to
bring on the final catastrophe. When it is said that a person has
become insane through disappointment or religious excitement,
we are not to suppose that this is the whole statement: the
question arises, how is it that others in quite similar circum-
stances are unaffected? The human mind is not so constituted
as to snap by a sudden strain, like cast-iron ; insanity snddenly
produced by the action of a single cause is of the rarest occur-
rence. - Only by a “conspiracy of conditions,” internal and
external, proximate and remote, is the fabric of reason usually
overthrown. : :

We will first notice tho immediate physiological actions by
which health of mind is destroyed, and this will prepare us to
understand how the remoter causes of mental impairment take
effect.

502. Nutrition of the Cerebral Structures.—If the mind
is dependent upon the brain, it follows that each act of mind
has its physical conditions, and this couditioning must of course
be in accordance with the structure of the organ. The men-
tal mechanism consists essentially of millions of cells and fibres,
the former of which are the generators and the latter the trans-
mitters of force. In thinking and feeling, these are called into
exercise, and according to its intensity exhausted; while their
functional power. is restored by nutritive assimilation. The
structure of the parts being perfect, mental coherency, energy
and health depend upon their perfect nutrition. On the other
hand, disordered mental manifestations are due to incapacitated



CAUSES OF MENTAL IMPATRMENT. 3T

structures which are immediately caused by imperfect nutri-
tion. It is here, in their disturbance of the nutritive operations
of the brain, that most of the causes of mental impairment take
effect. ¢« We attribute a large share of mental disease to pa-
thological conditions of the brain whose most prominent char-
acteristic is defective nutrition of the organ. In a very large
proportion of cases this deficient nutrition is manifested after
death in an actual shrinking of the brain—a shrinking which is
coextensive with the duration and the degree of the loss of men-
tal power. This loss of power marks all instances of cerebral
decay, and is consequently a condition of most chronic cases of
excitement ” (Bucknill and Tuke).

The effect of impaired nutrition is to produce derangements
of structure, and these take many forms in the various cases of
cerebral disease. The microscope has done much to elucidate
the pathological changes of the brain, but such is the marvel-
ous delicacy of the organ that microscopists are still intensely
occupied in making out the subtle details of its normal struc-
ture. Many physical indications of nervous disorder no doubt
remain to be discovered ; but from the peculiar complexity and
difficulty of the case, a large amount of infirmity of nerve-ele-
ment will probably never be detected by physical means. Nu-
trition results from a relation between nerve-tissue and the
blood ; the causes of its perversion are therefore to be sought
in various disturbances of the circulation as well as in the nerve-
element itself.

503. Disturbance in the Cerebral Circulation.—Nutrition
is dependent-upon the supply of blood; in the brain, perhaps,
more closely than in any other organ. The gray substance
of the cerebral convolutions which are devoted to the higher
mental operations, is richly supplied with minute blood-vessels
which impart to the cells the material of their renewal, and
remove the waste products of their activity. The quantity
and quality of the blood they transmit must therefore exert
a determining influence over the functions and health of the

organ.
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504. Congestion and its Effects.—As mental action de-
pends upon the interchange taking place between the blood-
capillaries and the nerve-cells, it follows that increased excita-
tion and interaction of ideas is accompanied by increasing
interchange and demand for more blood. Or if, from any
cause, there is excessive brainward determination of blood,
the plethora of the capillaries gives rise to increased . mental
excitement.

If this heightened activity is prolonged beyond due limits,
and especially if the brain is weakly organized, a state of mor-
bid congestion is induced, and over-stimulation is followed by
stagnation of ideas, head-swimming, and emotional depression
and irritability. ¢ There are few students who are not practi-
cally couversant with the slighter symptoms of cerebral conges-
tion. Absorbed in some intellectual pursuit, the student’s head
becomes hot and painful, and his brain even feels too large for
his skull. 'With exhausted powers of thought and attention, he
retires at a late hour, as he hopes, to rest, but he finds that he
cannot sleep; or, if he does, his repose is unrefreshing and dis-
turbed, by dreams. An hour’s freedom from thought™ before
retiring to bed would have enabled the partly-congested brain
to recover itself.” .

The stagnation of the cerebral currents and imperfect te-
moval of noxious products, with the irregularities of excitement
and depression which are the results of frequent brain-conges-
tion, produce defective nutrition, which tends to impair the
soundness of the organ.

505. Anwmmia, or bloodlessness, the opposite state of con-
gestion, produces similar mental effects. Insufficiency of healthy
blood, whether caused by its actual loss from the system, or by
poverty and dilution of the fluid through want of food, imper-
fect digestion, or any of the numerous anti-hygienic influences,
by impairing the ‘nutritive powers, enfeebles the organ and
powerfully predisposes to insanity. The impediment to cell-
nutrition, though arising from an opposite cause to the state of
congestion, produces similar mental effects. In hypersemia,
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with hot head and fulness of the cerebral vessels, the mental
functions are discharged with slowness and difficulty. In
an@mia, with pale face, cool head, and weak pulse, the cerebral
‘organs are in a state of irritable weakmess, easily excited to ac-
tion ; the action, however, being powerless and irregular.

“The blood itself inay not reach its proper growth and
development by reason of some defect in the function of the
glands that minister to its formation, or, carrying the cause
still further back, by reason of wretched conditions of life ; there
is, in consequence, a defective nutrition generally, as in scrofu-
lous persons, and the nervous system shares in the general deli-
cacy of constitution, so that, though quickly impressible and
lively in reaction, it is irritable, feeble, and easily exhausted. In
the condition of ansmia we have an observable defect in the
blood, and palpable nervous suffering in consequence; head-
aches, giddiness, low spirits, and susceptibility to emotional
excitement, reveal the morbid effects. Poverty of blood, it
can admit of no doubt, plays the same weighty part in the
production of insanity as it does in the production of other
nervous diseases, such as hysteria, chorea, neuralgia, and even
epilepsy. The exhaustion produced by lactation is a well-rec-
ognized cause of mental derangement ; and a great loss of blood
during child-birth has sometimes been the. cause of an out-
break of insanity ” (Dr. Maudsley).

508. Perversions of the Blood.—Although the blood is a
compound of wondrous complexity, and undergoing incessant
change by active influx and drainage, yet in health its consti-
tution is preserved in such exquisite balance, that the cerebral
engine of thought and emotion is kept in harmonious and per-
fect action. This harmony is disturbed not only by excess or
deficiency of the vital stream, but in a marked degree by the
presence .in it of various impurities. Every grade of mental
discase, from the mildest depression to the fury of delirium,
may be produced by the accumulation in the blood of the
waste matters of the tissues, The presence in the blood, for
example, of unexcreted bile, so affects the nervous substance as
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to engender the gloomiest feelings, from which the individual
cannot free himself, although he knows that the cause of his
depression is not in‘the actual condition of external circum-
stances, but is internal, and of a transient nature. But it only
requires the prolonged action of this cause to carry this morbid
state of nerve-element to that farther stage of degeneration
which shall result in the genume melancholia of insanity. So
also the non-evacuation of urinary products in the blood of a
gouty patient acts upon the brain to produce an irritability
which the mind cannot prevent; and this, too, if not arrested
by medical resources, is liable to pass on to maniacal excite-
ment.

In like mauner suppressed discharges, the morbid products
of typhus and typhoid fevers, and organic poisons generated in
the system by small-pox or syphilis, and not promptly elimi-
nated, are often efficient causes of nutritive perversion in the
brain which result in various forms of mental disorder.

Various substances introduced into the blood, as opium,
hashish, belladonna, take effect upon the brain, each perverting
the mental functions in a manner peculiar to itself. Ingested
alcohol -produces an artificial insanity, in which the various
types of mental disease are distinctly manifested. Its first
effect is a gentle stimulation and a mental excitement, such as
often precedes an outbreak of mania. This is followed by a
rapid flow of ideas, an incoherence of thought and speech, and
an excitement of the passions, which disclose automatic dis-
turbance and diminished voluntary control, as in delirium from
other causes. A condition of depression and maudlin melan-
choly succeeds, as convulsion passes into paralysis—the last
scene of all being one of dementia and stupor.

507. Nutritive Repair of the Brain.—But independent
of the quantity or quality.of the blood supplied to the brain, it
is liable to certain conditions of .exh,austion and nutritive de-
generacy to an extent far greater than the other organs of the
body. These other organs have various means of escape from
overtasking ; if. they cannot increase their power so as to en-
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dure the burden imposed, they can refuse to act, or throw the
excess of labor upon some other part. Overtasking the
stomach destroys appetite, and the task is no longer imposed.
If the -muscular system is worked beyound its power, it does
not itself break down, but the excessive strain is thrown upon
the nervous system, which receives the injury. The overtasked
lungs throw part of their burden upon the skin and liver, and
the overworked liver is relieved by the kidneys. But the
economy of the organism affords the brain no vicarious
relief; if overburdened, it must suffer alone. Excessive exer-
tion of the brain produces an excitement, which, instead of
“ceasing, is augmented by the very debility which it canses.
The exhaustion continues the overwork, which again increases
the exhaustion. The degeneration of nerve-element thus pro-
ceeds at & rapid rate of increase, which results in permanent
perversion and degradation of the mental functions.

The conditions of rest and nutritive renovation of the mind’s
organ arc provided for in the mechanism of the solar system,
by which the quietude of night, darkness, and silence alternates
with the stimulation of light and day. The recovery of its
tone through nutritive repair undoubtedly takes place in the
brain during the suspension of its functional activity in slecp.
That sleep should be sound in quality and sufficient in quantity
is one of the first conditions of mental health and vigor, and
the want of it, as all have observed, reacts powerfully upon the
state of the feelings. “The ill effects of insufficient sleep may
be witnessed on some of the principal organic functions; but
it is the brain and nervous system that suffer chiefly amd in
the first instance. The consequences of a very protracted vigil
are too well known to be mistaken ; but many a petson is suf-
fering, unconscious of the cause, from the habit of irregular and
insufficient sleep. One of the most common effects is a degree
of nervous irritability and peevishness which even the happiest
sell-discipline can scarcely control. That buoyancy of the
feelings, that cheerful, hopeful, trusting temper, which springs
far more from organic conditions than from mature and definite
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convictions, give way to a spirit of dissatisfaction and dejection ;
while the even demeanor, the measured activity, are replaced
either by a lassitude that renders any exertion painful, or an
impatience and restlessness not very conducive to happiness.”
Such are the effects tipon the healthy constitution of that
slight disturbance of brain nutrition which accompanies insuf-
ficient repose; but when this state of things is much protracted
or takes effect upon a weakly-orgarized nervous system, the
mental integrity becomes endangered. Sleeplessness is both a

symptom and an immediate cause of cerebral disorder. Buck-

nill and Tuke observe: “ Want of refreshing sleep we believe
to be the true origin of insanity dependent upon moral causes.”
Very. frequently when strong emotion leads to insanity, it
causes in the first instance complete loss of sleep.”

- . The quality of the sleep, moreover, that is, whether it be total
or partial, is of the first importance. In painful and harassing
dreams the emotional perturbation continues, and the individual
awakens exhausted rather than invigorated. It is probable
that in such cases, when the mind is abandoned to fantasy,
and the control of the judgment is lost, the wasteful activity of
certain parts of the brain may exceed that of the waking state.
Various cases are mentioned in which patients have ascribed
their attacks of mania to the influence of frightful dreams.

We thus see in what mental impairment, in its various
degrees, really consists, To the physiologist the question of
healthy mental activity resolves itself into that of the sound-
ness of nerve-element, and of the vigor and completeness of
nutrition; while mental impairment is seen to result from
instability of the nerve-structures comsequent upon defective
nutrition. In this view, therefore, all causes, physical or moral,
immediate or remote, which influence the nutritive operations
of the system, have a bearing, more or less direct, upon mental
conditions and character.

‘We will now pass to some of the remoter influences by
which mental health is impaired.

608. Hereditary Transmission.—The living constitution
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is powerfully influenced by many slow-working agencies. - The
causes of mental deterioration produce effects in time, and
through successive generations. Hereditary transmission thus
becomes a leading factor in the problem of mental impairment,
and accounts for many of the agencies by which it is produced.

It is well known that like produces like in the organic
world: the oak descends from a parent oak; horses from an-
cestral horses; characters are inherited; and thus the identity
of each species is preserved. But while the distinctive ele-
ments of tle type are always transmitted, there is a tendency
to variation in minor peculiarities. The child has a double
origin, drawing its family traits from two different sources.
It cannot inherit both sets of characters. The parental quali-
ties may mingle equally in the offspring, or the marks of one
parent may predominate over those of the other, or even ex-
clude them. Again, the parents themselves have inherited the
traits of their progenitors, and these may be more fully brought
out in their offspring than in themselves, so that the child is
made to represent many individuals. Thus, in the course of
generations, by the blending of diverse stocks, special or family
traits tend to fade away and disappear. Mental characters
follow the same law as external features, although they are
more obscurely indicated,

Bodily defects and diseases are also transmissible. Con-
sumption, gout, asthma, cancer, leprosy, scrofula, apoplexy,
unsoundness of teeth, and even long-sight, short-sight, and
squinting, are liable to be inherited. Of course these diseases
are not transmitted in ali cases of their occurrence, nor do they
always pass directly from parent to offspring ; one or two gen-
erations may be skipped, and the malady appear in the distant
descendants. Heuce, strictly speaking, it is not the disease
that is hereditary, but a predisposition to it,.which may either
be neutralized and disappear, remain dormant, or break out,
according to circumstances.

There is, perhaps, no form of constitutional defect more
markedly hereditary than morbidities of the nervous system.
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Esquirol “observes that of all diseases insanity is the most
hereditary. The proportion of cases in which this malady
is ascribed to predisposition, has been variously estimated at
from one-fourth to nine-tenths; probably at least one-half of
all these cases of disease have this origin. Extensive and care-
ful inquiry has led to the conclusion that predisposition to in-
sanity on the part of the mother is more liable to be trans-
mitted to children than a like tendency on the part of the
father, but it is the daughters that are most exposed ; the ma-
ternal defect, while it is equally dangerous to the sons as the
paternal, is twice as dangerous to the daughters.

The common notion, that insanity is inherited only when
madness in a parent reappears as madness in the child, is a
most serious error. That which is, transmitted is nervous
infirmity, which may assume an. endless variety of forms.
Parental nervous defect may issue in one member of the
family in unbalanced character, which is manifested in violent
outbreaks of passion and unaccountable impulses, while another
may go smoothly through life without exhibiting a trace of it,
and a third will break down into mania upon some trying
emergency. As features are modified by descent, so are
diseases, and none assume so wide a diversity of aspect as
those of the nervous system.

“If, instead of limiting attention to the individual, we scan
the organic evolution and decay of a family—processes which,
as in the organism, are sometimes going on simultaneously—
then it is made sufficiently evident how close are the funda-
mental relations of nervous diseases, how artificial the divisions
between them may sometimes appear. Epilepsy in the parent
may become insanity in the offspring, or insanity in the parent
epilepsy in the child; and chorea or convulsions in the child
may be the consequence of great nervous excitability, ratural
or accidental, in the mother. In families in which there is a
strong predisposition to insanity, it is not uncommon to find
one member afflicted with one form of nervous disease and
another with another; one suffers, perhaps, from epilepsy,
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another from neuralgia or hysteria, a third may commit sui-
cide, and a fourth become maniacal. General paralysis is a
disease which is usually the result of continual excesses of one
sort or another ; but it may unquestionably occur without any
marked excesses, and when it does so there will mostly be dis-
coverable an hereditary taint in the individual ” (Dr. Maudsley).

509. Debilitated Stock a Source of Criminality.—How
the running down of stock through loss of vital power by
hereditary influences should swell the ranks of the dependent
classes, or those incapable of self-support, is obvious ; but this
cause is equally powerful in reénforcing the dangerous classes .
who fill our jails and- prisons. Immoral training and vicious
associations are undoubtedly among the potent agencies by
which these are educated for the career of vice and crime, but
. a cobperating cause of far greater power is low organization
.or defective cerebral endowment. They begin life with a ner-
‘vous system incapable of the higher controlling functions.
‘The children of paupers generally inherit a lack of bodily and
mental vigor, while the offspring of criminals have transmitted
to them a disturbed balance of constitution—an activity of
certain propensities, with a congenital weakness of the restrain-
ing sentiments. Upon this point a writer of large observation
and experience of these classes, Dr. S, G. Howe, observes :

“ There is a common opinion that in classes and individu-
als of low organization the purely animal appetites are apt to
be fierce and ungovernable, but it is not so; on the contrary,
as a general rule, the whole nature is let down and enfeebled ;
and persons in this condition are docile and easily governed.
Sometimes, indeed, there is fearful activity of the animal na-
ture in persons of very low organization, which impels them to
commit shocking outrages; but these are exceptional cases,
and the passions are usually the consequences of drink, or of
insanity, rather than of intemsity of nature. As a rule, in the
classes marked by low and degenerate organization, the animal
instincts and impulses are not stronger than in the others, On
the contrary, the classes of higher bodily organization and

17
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vigor have more fire and potency even of animal appetites;
and their superiority comes, not from lack of impulses and
temptations, but from greater activity and power of the
restraining faculties of reflection and of conscience.”

In the hght of these facts, the causes of mental i 1mpa1r-
ment acquire & new and startlmg significance. The various
agencies which are adverse to health not only shorten the
duration of life, but they degrade its quality; while dete-
riorated life involves debilitated intellect ard perverted
moral powers. The general causes of impaired health which
have been noticed, impure air, overcrowding in apartments,
bad water, and insufficient food, exposure to weather from
inadequate ' clothing, want of exercise, or exhausting labor,
and the whole array of bad physical conditions, by undermin-
ing the bodily vigor and lowering the nutritive operations, be-
come powerful and exteunsive causes of mental impairment, and
stand in close relation to the evils and vices of society. Their
baneful inflaence, however, is not measured by their immediate
effects upon the individual ; their power is multiplied by trans-
mission, for they inflict upon his posterity the curse of a bad
descent. Evil habits and bad conditions of life may not in the
first case reach the extent of mental derangement, but they so
impair the vital stamina that their victim bequeathes to his chil-
dren enfeebled and degenerated nervous organizations, which
are incapable of withstanding the strains and shocks of social
experience. The lowered vitality and perverted nutrition of the
parent become feeble-mindedness or insanity in the offspring.

Hence, ¢ for the moral'and intellectual elevation of the race,
we are to look not exclusively to education, but to whatever
tends to improve the bodily constitution, and especially the
qualities of the brain. In our schemes of philanthropy we are
apt' to deal with men as if they could be moulded to any
desirable purpose, provided only the right instrumentalities are
used ; ignoring altogethcr the fact that there is a physical
organ in the case, whose original endowments must limit very
strictly the range of our moral appliances. But, while we are
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bringing to bear upon them all the kindly influences of learn-
ing and religion, let us not overlook those physical agencies
which determine the efficacy of the brain as the material instru-
ment of .the mind ” (Dr. Ray).

510. Overtasking the Emotions.—Increase of insanity is
undoubtedly a concomitant of advancing civilization. The
savage state is marked by simple and unchangeable social insti-
tutions, uniformity of manners and habits, limited wants, the
discipline: of privation, imperturbable resignation, feeble affec-
tion, and few emotions. The savage rarely langhs and rarely
sheds tears. The mental disorders, therefore, to which he is
liable, correspond to his imperfect development; they are
idiocy and 1mbecxhty—the mental diseases of children. On
the contrary, in the civilized state there is a high and varied
development of the emotions: all the circumstances of refined
society conspire to intensify the feelings. Pride, ambition,
fear, grief, domestic trouble, speculation, reverses of fortune,
great successes, and great failures, exemplify the excitement
and intoxication of the emotions to which a highly-civilized
people are continually subjected. In this country the intense
and universal passion for wealth, the periodical convulsions of
politics, and the stimulation of free competition for place and
profit, carry to a high point the strain upon the feelings.
Worse than' all, our education, instead of being a training to
self-control, and a systematic discipline of the emotions through
a calm cultivation of the sciences of Nature, is too generally
conducted in the same spirit of excifement: studies are pur-
sued under-the spur of sharp competition for the prizes and
applause of public examinations, and, in place of sober and
solid attainment, our culture degenerates into a mere prepara-
tion for trade and politics. This state of things is far from
favorable to mental stability. The victims of overtasked and
perverted emotion fill our asylums, and it is impossible to view
the increasing tendencies to social and public excitement with-
out grave solicitude for its fature effects.”

511. Overtasking the Intellect,—This is an extensive
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cause of mental derangement, though perhaps less so than those
just considered. The baneful effects of cerebral exhaustion
have already been noticed (507), and that study is often carried
to this injurious length is notorious. Moderate use undoubt-
edly develops and strengthens the brain, and it is equally cer-
tain that if the amount of work is carried much beyond this
point, the organ is endangered. Among the causes of ‘insan-
ity tabulated .in insane asylum reports, excess of study figures
as an inconsiderable item; but this belongs to the class of
causes which mainly act by paving the way to a mental break-
down. Cases like that of Hugh Miller, where, after an intense
and protracted strain, the brain at last gives way, are by no
means infrequent ; but in many an over-stimulated child or over-
worked student there may be only sown the seeds of future
mental disease, while other circumstances, such as loss of rest,
grief, or disappointment, may cause the seed to germinate, and
itself be taken as the cause, whereas it is in reality only the
~ occasion,

It has been objected to this view that the lunatic asylums
are chiefly peopled with inferior rather than highly-cultivated
minds ; but inferior minds are just those most likely to be in-
jured by excessive study. The more highly developed the
brain, the greater. is its capacity of endurance. In his testi-
mony before the Parliamentary School Commission, Dr. Car-
penter announced his' couviction, as a physiologist who had
specially studied the question, that the children of the educated
classes are capable, without injury, of twice as many hours of
school-study as the children of the uneducated classes.

‘What amount of labor the brain will endure without.over-
straining, depends upon various conditions, such as the age,
original vigor of constitution, habits as to physical exercise,
and intensity of application. The brain of the adult will bear,
unharmed, an amount of labor which would be most injurious
to a young person, and men of active habits can endure, with-
out fatigue, mental application, which would be dangerous to
the sedentary. Probably six hours a day of close brain-work
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is the maximum that the organ will endure without detriment,
Mental labor may be prolonged, it is true, to double this length
of time without apparent injury to the brain; but in most cases
the quality of the work performed will be found to indicate a
lack of strength, vigor, and spoutaneity. _

In order to disprove the unhealthfulness of this kind of
exertion, attention has been called to the full ages reached by
successful brain-workers who have achieved eminence in the
various departments of mental activity. The collated results,
however, have little value, for in the first place no one doubts
that the cultivated brain is capable of a vast amount of labor,
extending through a long lifetime, if judiciously exercised.
In the second place, the biographies of eminent-brain-workers
actually show a vast amount of ill-health and suffering due to
excessive study, while the number of those who achieve dis-
tinction as thinkers, and then pass to premature graves as a
consequence of it, is by no means small; and in the third -
place, such a report is necessarily one-sided, as it deals.only
with the successes, and takes no account of the multitudes of
failures of which the world never hears. '

It is not to be forgotten, however, that there are evils of
mental under-action as well as of over-action. While there is
no evidence that in the case of uncultured savages the brain is
liable to become diseased from lack of exercise, the same thing
cannot be affirmed of the cultivated races. The progress of
civilization in these races is accompanied by a higher develop-
ment and increasing complexity of cerebral organization, and
this higher condition can only be maintained by a correspond-
ingly bigher degree of functional exercise. Without that activ-
ity which its greater perfection implies and requires, the brain
of the civilized man degenerates. A well-constituted organ
demands exercise, and there can be no doubt that pleasurable,
productive brain-work can be pursued to a great extent, in the
form of close and severe mental labor, without injury. It is the
evil accompaniments that generally work the mischief; the
poisoning of the blood in the stagnant air of close, unventilated



390 ELEMENTARY HYGIENE.

apartments ; the resuming of work directly after dinner, and
prolonging it into the late hours of the night ; the provocation
of stimulants and irregular habits ; the hard, repulsive task-work
continued without recreation, and the unrelieved tension of
anxiety that frets and strains and softens the delicate gray mat-
ter of the brain, and ends at last in paralysis or imbecility.

512. Early Symptoms of Mental Impairment.—Of all
the calamities to which man is liable, none is so appalling as
the loss of reason, and when the diseases which cause it are
far advanced, they are mostly beyond the reach of restorative
measures. But a calamity so terrible does not come unheralded.
Mental disease has its gradual beginning—its period of incu-
bation, as the alienist physicians term it—which is accom-
panied by various signals of impending difficulty ; and it is
important that these early indications should be understood
by all.

One of the gravest warnings of approaching cerebral disease
is debilitated attention and loss of memory. When an indi-
vidual begins to fail in his customary power of keeping his
mind to a subject, or forgets the names of familiar persons
and objects, or is unable to make simple numerical calcula-
tions with his usual facility and accuracy, or oddly transposes
his words in conversation, there is serious ground for appre-
hending softening of the brain or apoplectic seizure. Slight
deviations of the facial features, the trifling elevation of an eye-
brow, the drawing aside of the mouth a hair’s breadth, or a
faint faltering of the speech, are dangerous intimations of the
advance of paralysis.

The more active forms of mental disease have also their
early symptoms. Preternatural acuteness of the senses, caus-
ing exaggerations of sight, hearing, and smell, is the frequent
precursor of a maniacal outbreak. The sensibility is not
only exalted, so that the individual sees, hears, feels, and smells
more keenly than in health, but it is often vitiated ; be sees
double, agreeable odors become disgusting, and pleasant tastes
offensive, A prickling sensation, or a sense of coldness, or
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grittiness in things touched, is sometimes experienced. In the
case of a man who died of apoplexy, there was for some time
previous to his illness a feeling in both hands as if the skin
were covered with minuate and irritating particles of dust and
sand. .

The approach of mental disease i is also foreshadowed in the
conduct. Singularity or eccentricity of deportment is not, in
itself, to be taken as evidence of mental alienation. A large
margin must be allowed for individual peculiarities; there are
naturally crooked sticks as well as straight ones, - Whatever
be the bent of the character, it is in the deviations from it
that we are to watch for evidence of morbid action. Bat,
when a person, who is well known to a circle of friends, begins
to manifest unaccountable singularitics of behavior; when a
quiet and modest man becomes noisy and boastful; when a
habitually cautious man begins to embark in wild and reckless
schemes ; when a person of a serious turn suddenly becomes
]nlanous, or one of a lively and buoyant disposition sinks
into despondency ; when an affectionate person turns jealous
and suspicious with no apparent reasom, or one of usually
steady industrious habits becomes idle, neglectful of business,
and takes to running about—in such cases there is reason to
believe that trouble is brewing. These deviations from cus-
tomary habits “are the switch-points which indicate that the
mind is leaving the main line, and that, if left to itself, it will
speedily career to destruction.”

Sometimes the earliest symptoms of cerebral derangement
are manifested in the consciousness itself, and while no indica-
tions of disorder are disclosed in the outward behavior, the in-
dividual finds himself becoming the victim of morbid thoughts,
which he cannot banish. A patient, writing to Dr. Cheyne,
observed : “I am not conscious of the decay or suspension of
any of ‘the powers of my mind. - I am as well able as ever I
was to attend to my business. My family suppose me in
health ; yet the horrors of a mad-house are staring me in the
face. 1 am a martyr to a species of persecution from within,
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which is becoming intolerable. I am urged to say the most
shocking things; blasphemous and obscene words are ever on
my tongue.”

513. Hints and Precautions.—It is a serious error to sup-
pose that, because there may be a predisposition to insanity in
a family, therefore the members of it are to regard their danger
in the light of a fatality from which there is no escape ; on the
contrary, these are predminently the cases in which, to'a wise
discretion, forewarning is forearming. The instances are prob-
ably very few in which latent tendencies are developed into
actual disease in spite of all precaution. It will generally be
found that the outbreak is due to some immediate disturb-
ing agency which might have been avoided.

‘Where such a tendency exists, the education, occupation,
and habits should be ordered with the strictest reference to it:
" the establishment of strong bodily health should be a para-
mount consideration. The physical education should be
specially directed to strengthen the nervous system and
diminish its excitability. Much study, bodily inaction, con-
finement to warm rooms, sleeping on feathers, are all favor-
able to undue nervous eusceptibility.

In the education of children thus circumstanced, that is, in
their brain-exercises, it is of the first importance to remember
that whatever tends in any degree to impair the mental health,
acts with redoubled power when codperating with morbid
tendencies. 'While the brain is yet plastic and pliable, a little
mismanagement—the humoring of precocity, the repression of
physical and nervous activity, or over-stimulation of thought,
may awaken the germs of mental disorder, and lead to the most
injurious consequences.

To persons thus predisposed, steady and agreeable occupa-
tion, which does not try the patience or the temper, or involve
much responsibility, excitement, or exhaustion, is in tlie high-
est degree desirable. Religious, political, and reformatory
gatherings, where the passions are aroused and the sympathies
excited, should be carefully avoided, together with all excite-
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ments whlcb. tend to disturb the sleep. In respect to the mental
habits, in such cases, Dr. Ray has the following exce’lent prac-
tical suggestions:

“Persons predisposed to mental disease should carefully
avoid a partial, one-sided cultivation of their mental powers—
a fault to which their mental constitution renders them pecu-
liarly liable. Let them bear in mind that every prominent
trait of chamcter, intellectual or moral, every favorite form of
mental exercise, is liable to be fostered at the expense of other
exercises and attributes, until it becomes an indication of actual
disease. Hero lies their peculiar danger, that the very thing
most agreeable to their taste and feelings is that w]nch they
have most to fear. :

“There is another disposition of mind to be carefully
shunned by the class of persons in question—that of allow-
ing the attention to be engrossed by some particular interest
to the neglect of every other, even of those most nearly con-
nected with the welfare of the individual. ' The caution is espe-
cially necessary in an age whose intellectual character is'marked
by strife and conflict, rather than calm contemplation or philo-
sophical inquiry ; and in which even the good and the true are
pursued with an ardor more indicative of nervous excitement
than of pure; unadultérated emotion. The prevalent feeling is,
that whatever is worth striving for at all, is worthy of all possi-
ble zeal and devotion ; and, supported by the sympathy and
codperation of others similarly disposed, the coldest natures
become, at last, willing to go as far and as fast as any.

% Where the mind of a person revolves in a very narrow
circle of thought, it lacks entirely that recuperative and invigo-
rating power which springs from a wider comprehension of
things, and more numerous objects of interest. The habit of
brooding over a single idea is calculated to dwarf the soundest
mind ; but to those unfortunately constituted, it is positively
dangerous, because they are easily led to this kind of partial
mental activity, and are kept from running into fatal extremes
by none of those conservative agencies which a broader disci-

17%
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pline and a more generous culture naturally furnish. The re-
sult of this continual dwelling on a favorite idea is, that it
‘comes up unbidden, and cannot be dismissed at pleasure. - Rea-
son, fancy, passion, emotion—every power of the mind, in
short—are pressed into its service, until it is magnified into
gigantic proportions and endowed with wonderful attributes.
The conceptions become unnaturally vivid, the general views
narrow and distorted, the proprieties of time and place are dis-
regarded, the guiding, controlling power of the mind is dis-
turbed, and, as the last stage of this melancholy process, reason
is completely dethroned.”

514. Medical Management.—Although diseases of the
higher nervous centres, when they become scated, are, to a
great extent, incurable ; yet, in their incipient stages, they-are
in most cases quite amenable to treatment. ~But, unhappily,
those instances where delay is fraught with the greatest danger
are, of all others, most liable to be neglected in their earlier
stages. If the liver or the lungs get out of order, there is
usually incontinent haste to consult the physician; but if
the very organ of reason is in danger of giving way, a mys-
tery is made of it, and the dictates of common-sense are
unheeded. : C

Nor is mere neglect the worst aspect of the case; false
notions of delicacy frequently become hinderances to early and
decisive action. The ancient superstition, which connected
insanity with special Providential disfavor, descends to us
in the shape of prejudices which speak of it still as a “taint,”
and lead to a culpable obliquity in dealing with it. - Physi-
cians of the largest experience attest that, even when they are
consulted in these cases, there is often the greatest difficulty in
getting at the real conditions ; both the patient and his friends
studiously concealing or flatly denying the facts.

-+ The progress of medical science and the impulses of public
philanthropy have called into existence those noble institu-
tions, where alone physical and moral medication can be best
united, and which are generally administered by physicians of
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the largest experience in this department of practice. When,
therefore, an individual begins to manifest symptoms which
excite the apprehensions of his family or friends, no time
should be lost in procuring the best professional advice and
securing the advantages which those establishments offer ; and
if the patient is placed in an asylum, the friends, remem-
bering that time is generally an all-important element of re-
covery, should largely trust the discretion of the medical super-
intendent in regard to the proper duration of his confinement.



QUESTIONS,

PART F1RST.

CHAPTER L

1. How does science arise ?

2. What makes science possible? What are phenomena? How are
they divided? What is the essence of scientific inquiry ?

8. What is said of the connection of the sciences ?

4. With what class of ideas does mathematics deal ?

5. Of what does physics treat ?

6. What makes chemistry possible? Where should it come in the
order of study ? :

7. What is biology? How is it related to mathematics, physics, and
chemistry? What great questions are peculiar to it ?

8. What are the divisions of biology ?

9. With what order of facts does morphology deal? What are its
principal subdivisions? How is it related to classification ?

10. What is meant by distribution ?

11. Of what does physiology treat? What are its subdivisions ?

12. What is etiology ?

18 and 14. Why should pbysiology be studied ?

CHAPTER II

18. How are the bodily actions studied ?

16. What facts may we thus obtain ?

17. Describe the ice-chamber experiment, What does it show ?

18. How is the strength restored and the loss made good ?

19. In what form is matter excreted from the body ?

20. What is said of the absorption of oxygen ?

21. What is meant by the physiological balance ?

22, How may it be maintained ? What conditions disturb it ?

23. What determines the amount of force set free ?

24. Give an outline of the bodily structure.

25. Describe the vertebral column. What cavities do the bodies of
the vertebre separate ?

26. What does the spinal canal contain? How is the ventral cavity
divided? What canal traverses the two ventral chambers? What else
does the abdomen contain? What the thorax ?
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27. Describe the head. What are contained within its cavities?
" 28. What does' a longitudinal -section prove? What is shown by

transverse sections ? What is said of the limbs ?

29. Describe the layers of the skin.

80. How does the skin differ from mucous membrane ?

- 81. What is connective tissue ?

82. What is said of the muscles ?

33. What constitutes the skeleton? ' How many bones does it con-
tain? How are they fastened together ? )

84, What enables us to.stand upright ?

85. What of the relation of the mind to the muscles ?

86. What organs control the actions of the muscles? What special
power does the cerebro-spinal axis possess ?

87. What is meant by * special sensations”? Name the organs which
receive only certain kinds of impressions ?  What are they called?

88. What is said of the renewal of tissues ?

89. What are the organs of alimentation ?

40, Name the organs of distribution.

41. What is meant by the exchanges of the blood ?

42. Name the principal excretory organs. In what respects do they
resemble each other? -

43. What important additional purpose do the lungs fulﬁl?

CHAPTER IIL

44, Describe the capillaries. What is their function? How are they
distributed ?

45. Of what are the caplllanes continuations? How do they differ
from the small arteries and veins?- How are the muscles of the small
arteries disposed ?

46. What does their contraction effect ?

‘47, How is their contraction regvlated ?

48. Wherein do the arteries and veins differ ? ’

49, Describe the valves of the veins. How may their action be
demonstrated ? What arteries possess valves ?

50. Describe the lymphatics. Where are they dlstnbuted? Where
do they discharge their contents ?

51, What are the lacteals ? What is their function ?

52. What large trunks pour venous blood into the heart? From what
great trunk 'do most of the arteries spring? What veasels carry blood to
and from the lungs? Into what parts of the heart do these various trunks
open ? .

53. What. vessels supply the substance of the heart ?

54. What great vessel carries venous blood from the abdominal viscera
to the heart ? ~Through what great organ does it ramify ?

5. What is the average size of the heart? What its shape and posi-
tion? By what membrane is it enclosed ?.

56. Describe the cavities of the heart. What are they called ?

57. What is their relative amount of work ?

58. What tissue makes up the walls of the heart? What membrane
lines the cavities of the heart? How are the communicating apertures
strengthened ? What are attached to these rings?

59. Describe the structure and attachments of the heart-valves. What
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valves close the right auriculo-ventricular aperture? What the left ?
How are the free edges of the valves supported? What is the action of
these valves? What valves are situated at the commencement of the
aorta and pulmonary artery? What is their action? How may the
action of the valves be demonstrated ?

60.° What is said of the rhythm of the heart? What is meant by
“gyatole” and * diastole " ?

61. Describe the working of the heart.

62. What is the action of the arteries ?

63. What constitutes the beat of the heart ?

64. What is said of the sounds of the heart ?

65. What constitutes the pulse ?

66. Why does the blood jet from cut arteries ?

67. Why are the capillaries pulseless ?

68. How do the subdividing arteries affect the flow of blood ?

69. What causes the steady capillary flow ?

70. Trace the course of the blood from the right auricle. How is the
heart itself supplied ? .
. 71. What is the shortest complete circuit the blood can make? The

ongest ? .

g’le;. How does the nervous system affect the circulation ?

8. What happens in blushing ? .
74. How may this be proved ?
5. What relation has this nervous control to disease ?
76. What relation does the heart bear to the nervous system ?
77. How may the movements of the heart be directly observed ?
%78. What is the proof that the blood circulates ?

CHAPTER IV.

79. How may we obtain blood for examination ?

80. How does it appear to the naked eye? How under the pocket
lens ? .

81. What takes place when a drop is left to itself? What is the effect
of salt upon it?

82. How many kinds of corpuscles does the blood contain ?

83. Describe them.

84. What is the structure of the red corpuscles ?

85. What are the peculiarities of the white corpuscles ?

86. How may the real nature of the corpuscles be determined ?

87. What is supposed to be their origin? What is eaid of the cor-
puscles of the lower animals ? :

88. What occurs to the corpuscles when the blood dies ?

89. How are blood-crystals formed ?

90. What is meant by coagulation ?

91. Into what constituents does the blood separate ?

92. What is the buffy coat ? ’

93. What conditions influence coagulation ?

94. What is the nature of the process?

95. What causes the blood to coagulate ?

96. Name some of the physical properties of the blood.

97. What is its chemical composition ?

98. How does age influence the blood? Sex? Food?
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99. What is the total amount in the body ?

100. What is the function of the blood? To what does it owe its
vivifying influence ?

101, What is said of the transfusion of blood ?

102. What of the lymph ?

CHAPTER V,

103.. What gives the blood its complex composition ?

104. How is the blood changed in the capillaries ¥

105. In what respects do arterial and venous blood differ ?

106. What is said of the diffusion of gases ?

107. Why does the blood change color ?

108. How is this change explained ?

109. Describe the capillaries of the lungs.

110. Trace the air-passages from the mouth to the air-cells.

111. What is said of this mechanism ?

112. What are inspiration and expiration ?

113. State the difference between inspired and expired air.

114. What quantity of air passes through the lungs in 24 hours? To
what extent is it vitiated? How much carbon and water is eliminated
in 24 hours?

115. What mechanism carries on the respiratory movements ? What
is said of the elasticity of the lungs ?

116. How do the bronchial tubes facilitate the movement of air?

117. Describe the action of the chest-walls. Explain the action of the
intercostal muscles.

118. What is the diaphragm ? Explain its action.

119. What occurs when the diaphragm acts alone? What, if only
the chest-walls are brought into play ?

120. What other muscles aid the process ?

121. How does the respiration differ in the sexes ?

122. What is meant by residual air? Supplemental air? Tidal air?

123. What constitutes the stationary air? What part does it play in
respiration ?

124. What is the composition of the stationary air ?

125. How is the nervous system related to respiration?

126. In what are respiration and circulation analogous ?

127. What are the secondary phenomena of respiration ?

128. What is said of the respiratory murmurs?.

129. How does respiration assist the circulation ?

130. What are the facts relating to this point ?

131. How does expiration affect the circulation ?

132. How may the action of the heart be arrested ?

133. What circumstances modify the respiratory function ?

134. What occurs when a man is strangled ?

135. How is life destroyed by this means ?

136. What is said of respiratory poisons?

137. What is slow asphyxiation ?

138. Why is ventilation so important ?

. CHAPTER VI

139. Describe the distribution of arterial blood th out the body.
140. What great organs are constantly draining thr:‘:ﬁ
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141. What is gaid of its losses in the liver and lungs ?

142. What are the intermittent sources of loss und gain to the blood?

143. Give the position and anatomy of the kidneys.

144. In what respects are the lungs and kidneys alike ?

145. What is the composition of the renal excretion? What is ll:s
average daily amount ? Its average of specific gravity ?

146. Describe the structure of the kidney.

147. What is said of its filtering mechanism

148. From what source are the kidneys aupplied with blood? How
do they change the blood ?

149. How is the excretory action of the kidneys controlled ?

150. What does the blood lose through the skin ?

151. What quantity of matter is thus lost? What is the composition
of the sweat ?

152. Give the conditions of its escape.

153. What is said of the sweat-nlands! What of their distribu-
tion ?

154. ‘How is the action of the sweat-glands controlled ?

" 155. What conditions increase the amount of perspiration ?

156. In what respects are the lungs, kidneys, and skin alike?

157. What does the blood lose in the liver? What does it gain ?
Describe the liver. With what great vessels is it connected ? Give its
internal anatomy. What route does the blood take in its passage through
the liver? What is said of the liver-cells ?

158. What is their function ?

159. What is the daily quantity of bile excreted ? Its composition ?

160. What becomes of the bile ? .

161. What organs furnish the blood with oxygen?

162. What does the blood gain in the liver? What does it lose ?

163. How may the eum-forming power of the liver be proved? .

164, What does the blood gain from the Iymphatics? What of the
“ ductless glands " ?

165. What is said of the spleen? What is its supposed function ?

166. Through what channels does the body lose heat? What is the
source of bodlly heat ?

167. How is the heat of the body equalized ?

168. How does evaporation affect the temperature ?

169. What relation has the nervous system to temperature ?

170. What is said of the action of the glands? What is the duct of a
gland? What are racemose glands? What determines the activity of
certain glands ?

171. In what way are e the salivary glands called into action ? What is
the character of their secretion ?

172. What does the blood gain from the muscles ?

CHAPTER VIL

1738, What is another great source of gain to the blood ?

174, How much solid material does a man daily receive? How much
oxygen

175. What. is the daily loss of dry solids? In what shape does the
balance leave the body ?

176. How are foods classified? What are Proteids ? Give examples.
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What is the composition of fat? What are Amyloids? Give some ex-
‘amples. What is meant by * vital food-stuffs ”? What are mineral food-
stuffs ?

177. What is the composition of the vital food-stuffs? The mineral
food-stuffs? What constitutes a permanent food ?

178. What occurs if protein is not supplied? What is said of the ne-
cessity of other food-stuffs ?

179. What is meant by nitrogen starvation ?

180, 181. What are the dmadvantagee of a pm'ely nitrogenous dlet?

182, Why is a mixed diet desirable ?

183. What constitutes a mixed diet ?

184. What is sdid of the intermediate changes of the food ?

185. What are the objections to the ordinary classifications of food ?

186, What is the purpose of the alimentary apparatus?

187. Describe the cavity of the mouth and pharynx. What organs
do they contain? Name the openings into the pharynx ?

188. Give the names and positions of the different salivary glands.
How does the saliva affect the food ?

189. Describe the teeth.

190. Describe the working of the jaws.

191: What occurs to the food during mastication? Describe the
operation of swallowing.

192. How are fluids swallowed ? .

193. Describe the stomach, What is the character of its lining mem-
brane? What glands does it contain? What fluids do these glands pour
out ? What are the properties of the gastric juice?

194, What is meant by artificial digestion ?

195. By what routes does the tood leave the stomach ?

196. What is said of the intestines? How are they divided? Where
is the ileo-czcal valve situated? What is the cecum? The vermiform
appendix ?

197. What glands are found in the intestinal mucous membrane ?
‘What other structures ?

198. What is peristaltic contraction ?

199. What glands pour their secretions into the duodenum ? What
is said of the chyme?

200. What is chyle? How does it differ from chyme? What changes
does the chyme undergo in the intestine ? What juices effect this change ?
In what way does the chyle reach the blood ?

201. What is going on in the large intestine ?

CHAPTER VIIL

202. What is meant by the “vital eddy”? What maintains the
" active powers of the body ?

203. In what way are the activities of the body manifested? What is
locomotion? Name the organs of motion.

204. Describe the cilia. How do they act? Where are they situ-
ated ?

205. How do the muscles give rise to motion? Into what two groups
may the muscles be divided ?

208. Whut muscles are not attached to solid levers? What is the -

character of their fibres? What is said of their contractions ?
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207. What muscles are attached to solid levers? What is a lever?

208. How many orders of levers are degcribed? What is a lever of
the first order? Of the second order? Of the third order ?

209. What levers of the first order are found in the human body ?

210. What of the second order?

211. What of the third order?

. 212. How may a single part of the body represent the three kinds of
levers ?

218. How many kinds of joints are found in the human body ?

214, Describe the structure and movements of a perfect joint.

215. What are ball-and-socket joints ?

216. What are hinge-joints ? ) '

217. What is a pivot-joint? Give an example from the human body.

218, Describe the bones of the fure-arm. How are they articu-
lated together ? What is meant by pronation and supination ?

219. What are ligaments? How do the ligaments differ in the differ-
ent joints? What is said of the hip-joints ?

220, What different movements are the joints capable of executing ?

221, How are these movements effected? In what way are they
limited ? .

222. What is meant by the origin and insertion of a muscle? How
are the muscles attached to the bones? What direction does the axis of
a muscle usually take? The exceptions ?

228. Describe the operation of walking.

224, When does a man walk with least effort ?

225. What.is said of running and jumping ?

226. What conditions are essential to the production of voice ?

227. Describe the vocal chords. To what are they attached ?

228. What cartilages enter into the structure of the larnyx ?

229. Describe the muscles of the larynx. What does their action
effect ? How are musical notes produced ¢

230. When will the musical note be low? When high? Upon what
does range of voice depend? Upon what the quality of voice ?

231. What is speech? How is the voice.modulated? What is said
of the vowel sounds ? What of consonant sounds ?

232. What sounds require blocking of the air-current ?

233. What are explosive consonants ?

234. How are speaking-machines constructed ?

235. What is said of tongueless speech? What example is given ?

CHAPTER IX.

236. How are the muscles made to contract ?

287. What calls the nerves into action?

238. What is reflex action? What is a sensation? With what are
sensations classed ?

289. What are subjective sensations ?

240. What is said of the muscular sense? How may its existence be
demonstrated ?

241. What is said of the higher senses ?

242. Give the general plan of a scnsory organ.

243. Where is the organ of the sense of touch located? What are
papille? What is a lactile corpuscle ?
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244, What is interposed between it and external objects ?

245. What is said of varying lactile sensibility ?

246. What gives rise to the feelings of warmth and cold ?

247. Where is the organ of the sense of taste found? Describe the
papille of the tongue.

248. Where is the organ of the sense of srell located ? Describe the
nasal passuges. The nasal chambers. What do these nasal chumbers
contain ?

249. How are odors brought in contact with the olfuctory apparatus ?

250. Where is the organ of hearing situated ? Of what does it essen-
tially consisy? What bodies are found in the membranous labyrinth ?
In the scala-media ?

251. What part of the ear is called the vestibule? What are the
semicircular canala? What the ampulle? What fluids form a part of
the mechanism ? .

252. Where is the scala-media situated? What part is known as the
scala tympani ? The scala vestibuli? What peculiar mechanism is found
within the scala-media ? .

253. What is the bony labyrinth? What fenestree does it contain ? .

254. What part of the ear is known as the drum? How ia this sep-
arated from the external meafus? In what way does the drum communi-
cate externally ?

255. What are the auditory ossicles? What two points do they con-
nect? What is their purpose? How are the perilymph and endolymph
sct vibrating ?

256. What muscles are connected with the tympanic membrane ?

287. What is the concha ?

258. What conditions are necessary to the production of sound ?
How is sound transmitted to the ear?

259. How do the aerial vibrations affect the tympanic membrane ?
Into what two kinds of vibrations may bodies be thrown ?

260. Which are supposed to transmit the impulses of the aerial
waves ?

261. Describe the actions of the auditory muscles.

262. What part of the ear is supposed to take cognizance of the in-
tensity of sounds? What part is concerned with the quality of sounds ?

263. What is the probable function of the fibres of corti?

264. What is the purpose of the eustachian tubes ?

CHAPTER X,

263. What part of the eye is called the refina?.

266. What is seen on the centre of the retina ?

267. Describe the microscopic structure of the retina.

268. What is the function of the retina? What is said of the sensa-
tion of light ? i

269. In what respects do different parts of the retina differ? What
ig the blind spot ? h

270. What is said of the duration of luminous impressions ?

. 271?. Can the retina become exhausted? What are complimentary

colors

272. What is color blindness ?

278. What appearances are produced by pressure upon the eyeball.
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274, What is the function of the rods and cones? What are Pur-
kinje's figures?

275. What physical agent gives rise to vision? What is 2 convex
lens? Describe the experiment with the candle and lens,

276. What is meant by the “focus”? What is adjustment of the
eye? When does the lcns give a distant picture? What is the effect
of movin%vthe object ?

277. What follows from varying the convexity of the lens? What
relation does convexity bear to the focus? How does a convex surface
affect the rays of light? Describe the experiment with the watch-glass
and water-box. What is a camera obscura ? N

278. What organs must the light puss through to reach the retina ?
Give the structure of the eycball, .

279. What are the humors of the eye? By what organ are the
humors separated ? Describe the crystalline lens. .

280. Describe the ckoroid coat? What is its position? Where are
the ciliary processes situated ?

281. Describe the iris. Where is it situated? What of the ciliary
muscle? What relation has the iris to the lens? :

282. How does the eyeball resemble a water-camera ?

283. How is the focus adjusted in a camera obscura? How in the eye ?

284. Describe the experiment. What does it show ?

285. What i3 said of the mechanism of adjustment? What are the
facts of adjustment? What explanations of the process have been offered ?
Which is the most probable ?

286. What limits the power of adjustment ? ;

287. Name the muscles of the eyeball. What are their respective
positions? What does their action effect ?

288. Describe the structure of the eyelids. What muscles move
them ? i

289. Where is the conjunctiva situsted? Describe the lachrymal ap-

tus ¥ What is the source of the tears?

290. What is meant by a simple sensation? What is the character
of most of our sensations ? - -

291. What sensations are the simplest?

292. Of what does a tactile sensation consist ?

293, What is said of complex sensations and judgments? -

294. Why are delusions of the senses impossible? What is said of
delusive judgments ? ’

295. What are subjective sensations ? 'What examples are given ?

298. Relate the case of Mrs. A. What senses were implicated ? To
what class did her peculiar sensations belong ? -

297. What conditions seemed to favor their development? What
prevented her forming false judgments ?

298, Were her senses really at fault ?

299. How many outside causes give rise to delusive judgments ? Give
an example, . : ’

800. What is said of optical delusions ?

801. What is meant by the optic- azis? How is the position of a
phosphene accounted for ? :

802. What is said of the inversion of visual images ?

803. How do objects and their visual images correspond in number ?
What is the action of multiplying glasseés ?
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804. Upon what does perspective depend ?

305. How does the distance of an object affect its visual image? How
do convex and concave glasses affect it ? -

806. Why do the sun and moon look larger near the horizou ?

807. What is said of the judgment of form by shadows ?

808. What is the principle of the thaumatrope ?

809. What is the explanation of squinting ?

810. Give the principle of the pseudoscope.

811. What of the stereoscope 7

CHAPTER XIIL

812. Of what is the bulk of the nervous system made up ?

813. What two systems constitute the nervous apparatus ?

314. Where is the cerebro-spinal axis located ? ©° What membrane sep-
arates it from the bone? What other membranes surround the brain
and cord ? -

815. Describe the spinal cord. How is it divided? Describe the
roots of the spinal nerves. )

816. What does a transverse section of the cord show ?

817. What follows the irritation of a spinal nerve ?

818. What are the functions of the anterior and posterior roots ?

819. What results from cutting the anterior root of a spinal nerve?
The posterior root? Both roots ?

320. How are impressions propagated along the nerves? What is an
afferent nerve ?

821. What i3 negative deflection ?

822, What occurs when the spinal cord is cut across? What when
the end remote from the brain is irritated ? )

823. What power does the cord possess independently of the brain?

824. What is said of the distribution of reflex effects ?

325. Do all parts of the cord possess a like conducting power ?

826. What is said of the conducting power of the gray matter ?

827. What special functions have certain regions of the cord ?

828. Describe the medulla oblongata. What cavity does it contain ?
What overhangs this cavity? What is the pons varolii? Into what
parts do the fibres of the medulla pass? What elevations are found be-
tween the crura-cerebri? Where is the third ventricle situated ?. Into
what masses of nervous matter do the crura-cerebri pass? Where is the
pineal gland located® The pitwitary body? Where are the lateral ven-
tricles situated? What forms the floor of the lateral ventricles? What
is said of the hemispheres of the brain? How are they oconnected ? ' What
is said of the outer surfaces of the hemispheres ?

829. How are the white and gray matter arranged ih the medulla ob-
longata? In the cerebellum and cerebral hemispheres ?

330. How many pairs of nerves are given off from the brain? Name
the first pair, The second. The third. In what muscles is the third
pair distributed ? Where are the fourth and sixth pairs distributed ?
Describe the origin and distribution of the fifth pair. In what muscles
does the seventh pair terminate? The eighth pair terminate? What
is the function of the ninth pair? What organs does the tenth pair sup-
ply? Describe the course of the eleventh pair. Give the origin and dis-
tribution of the twelfth pair. :
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831, What Is eaid of the olfactory and optic nerves ?

882. What effects follow injuries of the medulla oblongata ?

838. What direction do the afferent impulses take in the medulla ob-
longata? Give the course of the fibres in the anterior pyramids. What
would be the effect of dividing one of the crura-cerebri ? -

834. What is the function of the cerebral hemispheres ?

885. What is said of the reflex action of the brain ?

886. What takes pluce in reading aloud ?

88%7. What is meant by  artificial reflex actions” ?

838. What is said of the sympathetic sysiem ¢ ,

CHAPTER XIIL

839, What is said of the microscopical analysis of the tissues ?

840, What is the early primitive structure of the body ?

841. What is the character of the epidermis and epithelium? How do
these tissues grow? What is squamous epithelium? What kind of
epithelium lines the alimentary canal? What is ciliated epithelium ?

842. From what kind of tissue are the nails developed ?

843. Of what are hairs composed? Describe their growth. How are
the hairs kept supplied with 0il? What is meant by horripilation, or
“ goose skin " ?

844. What is the structure of the crystalline lens?

845. Of what is cartilage composed ?

346. What is the structure of connective tissue? How is it affected
by being boiled in water? How does acetic acid affect it? Of what are
ligaments and tendons composed? What is fibro-cartilage ?

8477, Describe fat-cells. .

848. What are pigment-cells ?

849. Describe the minute structure of bone. What are lacunee?
Conaliculi? What were the lacun® once supposed to be? Describe
the Haversian canals. What is periosteun? What is found in the
cavities of the bones ?

850.- How do bones grow? What are sutures? In what kind of
ma!erin! are bony matters firat deposited? What is meant by centres of

nf

851. Of what are the teeth composed ? Name the different parts of a
tooth.”WIm is the charucter of dentine? What is the structure of
ename .
. 852. How are the teeth developed? Which are the deciduous, or
milk teeth? When do they appear ? . :

. 853. How are the permanent teeth formed? How divided ? When

do they begin to appear? How long before the set is completed ? -

854. What two kinds of muscles are found in the body? Of what
are the striated composed? What is a fascia? The sarcolemmal
What does it enclose? Of what is the contractile substance made up?
What is the structure of smooth muscle ?

855. What are the elements of nerve tissue? Describe the structure
of a nerve fibre. * How do the nerve fibres terminate ?

856. What is a lactile corpuscle # What is the structure of the olfactory
nerves ?

85'7. Where are ganglionic corpuscles found? What is their structure ?
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PART SECOND,

CHAPTER XIV.

858. What is said of the twofold value of knowledge ?

859. What is meant by * practical knowledge " ?

860. Of what practical value is a knowledge of physiology? What is
said of its importance ? ’ '

861. What were some of the old notions regarding disease? How
did such views affect the community ?

862. What is the true idea of health and disease? How is this illus-
trated in the case of gout?

863. When do the agencies of health become sources of disease ?
‘What is the chief value of hygienic knowledge ?

864. Name some of the results that have followed its application.

865. What is said of its value a8 a remedial means ?

866. How must it necessarily affect the actions?

CHAPTER XV.

867%. Give the constitution of the atmosphere. How is it rendered
impure ?

868. How do atmospheric impurities affect the senses ?

869. What is said of carbonic acid as an impurity? In what propor-
tion is it thrown out from the lungs ? From what other sources does the
air of apartments receive it ?

870. What is the effect of air saturated with moisture? Of dry air?

871. In what form is organic matter found in the air? What are
some of its sources? By what means may we determine its presence ?
What is said of its presence in the air of sick-rooms and hospitals? How
does it affect the system ? :

- 872. What is said of the air of cellars ?

878. How does air contaminated by certain trades affect the health ?

874. What effect has impure air upon the scrofulous? Relate the
case of the Norwood school. :

875. What relation has an impure atmosphere to the spread of dis-
ease ? i

876. How does impure air affect the course of disease? What is of
first account in the treatment of febrile complaints ?

877. How are consumptivee influenced by impure air ?

878.-How does bad air affect inherited taints ?

879. What is its effect upon the mind ?

880. How does nature purify the air ?

231.‘ What is the object of ventilation? How may pure air be ob-
tained ?

882. What should be the standard of purityin air? Give the estimates.

883. How should the air be heated, and why ?

. 1?84. What must be attended to in regulating the movement of the
air

" 885, When are other means of purification required? What sub-
stances are most efficient as disinfectants ?
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QUESTIONS.

CHAPTER XVI.

What proportion of water do the various tissues contain ?
What duties does it perform in the economy ?

What leading property fits it for this office ?

The average daily consumption of an adult ?

What is said of its excretion ?

What gives rise to the several varieties of water,

What is said of soft water ?

How is hard water formed ?

‘What are mineral waters ?

Give the characters of limestone water.

What is said of sand and gravel waters ?

What are the foreign ingredients of alluvial waters ?

The impurities of surface and sub-soil waters ?

‘What i3 said of marsh-water ?

What is the general character of river-water ?

What is said of sea-water?

How may perfectly pure water be obtained ? What water may

be regarded as most healthy ?

403,
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What is said of the organic lmpurmes of water ?

What kinds of impurities are likely to produce dyspepsia ?
What kinds of water are said to produce diarrheea ?

407. Are dysentery and cholera ever caused by impure water ?
How are malarious fevers often produced ?

What is the supposed cause of goitre ?

What animals may pass into the body with the drinking-water.?
Are the senses alone trustworthy in the examination of water ?
What is said of distillation as a means of purification ?

What is the effect of boiling and freezing ? ’
What chemical substances are sometimes used as purlﬁers ?
What is said of filtration ?

How is water affected by contact with lead ?

CHAPTER XVIL.

Into what four groups may food be classed ?

What is said of the proteids ?

What of the fats as articles of diet ?

‘What substances belong to the amyloid group ?

To what uses ure these various food-stuffs applied ?

‘What are the mineral aliments ?

Why is a mixed diet necessary ?

‘What is said of milk as food ?

Of butter and cheese ?

What is the composition of eggs, and how should they be

cooked ?

427.
428.
429.
430.
431,
433,

‘What is said of the various meats ?

Why is salt inferior to iresh meat ?

What peculiarity does poultry and game present ?

How is the flesh of fish regarded as food ?

432. What is =aid of crabs sand lobsters ? Clams and oysters ?
Why is wheat such a valuable food.?
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434, How does rye compare with wheat ?

435. What of buckwheat ?

436. How does Indian corn differ from wheat and rye?

437. What advantage does rice possess over other foods ?

438. What is said of peas and beans ?

439. Give the composition of potutoes. Why should the succulent
vegetables be eaten with meat ?

440. What is said of the fruits ?

. 441, What are auxiliary foods ?

442, What substances come under the head of condiments ?

443. Why is tea valuable as a beverage? How should it be made?
What is its action? How is it adulterated ?

444, What is the composition of coffee? How should the beverage
be prepared ?

445. What is said of cocoa and chocolate ?

446. What should cooking aim to accomplish? Why should over-
cooking be avoided ?

447, How does boiling affect meat? How should the process be con-
ducted? What is said of roasting? Stewing? Frying? .

448. How should vegetables be cooked ?

449. What are some of the effects of over-eating? -

450. What are the effects of deficient diet ?

451. Amount of food daily required.

452. What results from a badly-constituted diet ?

453. What is said of a diet deficient in fat ?

454. What constitutes unwholesome food ?

455, Give an account of the cysticercus celulosus, Of the trichina
spiralis,

) CHAPTER XVIIL

456. What is said of the purposes for which clothing is worn ?

457. What of linen as an article of clothing ?

458. How does cotton differ from linen ?

459. What are the properties of woollen clothing? Its relations
to moisture ?

460. How does color influence the character of clothing ?

461, What is of more importance than the character of the fabric?

462. Why should clothing be light ?

463. Why should it be worn loose ?

464. What is said of compressing the chest and abdomen ?

465. What results from compressing the feet ?

466. How is uniformity of temperature to be maintained ?

467. How is a part affected when habitually over-heated ?

468. Why is over-dressing the throat pernicious ?

469. What is said of wearing flannel next the skin ?

470. How should children be clothed ?

471. Why should the aged be well protected ?

CHAPTER XIX.

472, What renders it evident that man is intended for action ?
473, What is said of labor ? What causes division of labor? How
does it affect the individual ?
18
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4'74. How does exercise remedy the evil ?

475, Describe the transformation of physiological forces.

476. Why is-habitual exercise invigorating ?

471, How does exercise affect the circulation? How the tempera-
ture ?

478. What is its influence upon respiration? Why should we exercise
in pure air ? .

4'79. How does exercise affect digestion? Why is immediate exercise
after a full meal injurious ?

480. What is the effect of exercise upon the skin ?

481. How should exercise be regulated ?

482. What are the most favorable conditions for exercise ?

483. Why is over-exercise injurious? How is proper rest to be
secured ? How should exercise be managed after sickness? How does
over-exercise injure the system? Why does it particularly injure the
young? . :

484, What are the consequences of insufficient exercise? Describe
its operation in different circurstances.

485. What is said of the amount and conditions of exercise? What
course should the sedentary pursue? Why is pure air specially necessary
during exercise ?

486. What is the value.of the “movement-cure ”? ‘

CHAPTER XX.

487. Why is mental health a physiological question ?

488. What is said of the office and changes of the brain? What is
the effect of disturbing its normal movement ? Describe the mutual rela-
tions of the mind and brain. What is remarked as to materialism ?

489. What constitutes disease/ What error is to be guarded against ?
How is mental disease to be regarded? On what is Mental Hygiene
founded? What is its province? What is said of diseases of the brain ?
Why have all a vital interest in the subject ?

490. Describe the modes of mental action. How are these psychical
elements to be regarded ? In what forms may insanity manifest itself ?

491. What are hallucinations ? Examples. What are illusions ?
Examples. Delusions ? What is delusional insanity ?

492. Describe the different phases of emotional insanity. Give the
example of congenital perversity. How is the other class of cases affect-
ed? Describe the case given by Dr. Maudsley. What i8 said of moral
insanity ? Repeat the remarks of Dr. Carpenter. Of Dr. Ray concern-
ing moral endowments. What of the different elements in the moral
faculty? To what conclusion are we led ?

493. What is mania? Its kinds? What is acute mania? Give
the mental differences in cases of acute mania mentioned by Bucknill and
Tuke. Describe chronic mania. . o

494. In what does monomania consist? Mention different kinds.
Give the case described by Dr. Bucknill.

495. How is melancholia manifested? Describe the victim of simple
melancholia. “What are its forms? - Relate the case mentioned by Dr.
Conolly. How does melancholia-affect the intellect ? .

496. Define general paralysis. Who are generally its victims # De-
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acribe the progress of the disease. How is the accompaaying mental im-
pairment manifested? Examples.

497. In what does dementia consist? What are its stages? When
is it primary ? When secondary ?

498. What is idiocy ? Describe its degrees. How is idiocy dis-

layed ?
P y499. What does the term idiocy denote? How is it manifested ?
How do imbeciles compare with idiots ?

500. What is said of perverted mental action that never passes into
wania ?

501. Why are the causes of cerebral impairment varied and complex ?
How are they usually divided? What are predisposing causes? Excit-
ing causes? What error is mentioned ? In what way is insanity usu-
ally caused ? |

502. What is said of each mental act? What is the comporition and
action of the mental mechanism ? What are the results of its perfect or
imperfect nutrition ? Repeat the remarks of Bucknill and Tuke. What
further effect is due to impaired nutrition ?

503. What is said of the blood transmitted to the brain ?

504. What are the relations between mental excitement and the
brainward flow of blood? How is congestion induced, and what are its
effects ?

505. What is an®mia, and how caused ? What are its effects as com-
pared with those of hyperemia ? Give Dr. Maudsley’s remarks upon the
subject.

J506. What keeps the brain in harmonious action ? How may its har-
mony be further disturbed ? Mention examples of perversion of blood.
How does alcohol affect the brain ?

507. How does the brain differ in action from other organs of the
body ¢ How does nature renovate the brain? What is a prime coudi-
tion of mental health? What are the effects of insufficient sleep? What
of disturbed sleep? In what does mental health consist? ¥From what
arises mental impairment? Hence, what causes influence mental char-
acter ?

508. Give the estimates relative to the transmission of insanity. What
is transmitted, and how? Repeat the remarks of Dr. Maudsley.

509. How is debilitated stock a source of criminality? What is
Dr. Howe's opinion upon this subject ? Name some of the causes of
mental impairment and their operation. Give the observations of Dr. Ray.

510, What comparison is made between the savage and the civilized
man? What are our peculiar perils as a nation ? )

511. What is said of overtasking the intellect? Repeat the testi-
mony of Dr. Carpenter. What conditions control the amount of healthful
brain-work ? How i3 the argument against the unwholesome effect of
excessive brain-work met ? In what respect does the brain of the savage
und the civilized man differ? What usually works the mischief in cerebral
application ?

512. How is cerebral disease heralded ? How the more active forms?
In what manner is the conduct affected ? The consciousness ?

513. What hints and precautions are given? How should children
thus predisposed be managed? How adults? What is Dr. Ray’s advice
when there is a predisposition to mental disease?

514. What is-said of medical management ?
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“ of the valves, b0, Arachnoid membrano and fluid, 287,
Active powors, 15& Arcolar tissue, 27.
Adam’s-appl Arms, bones of the, 29,
Adjustment of the eye, 212, 2165. Arteries, 83, 87,
Adulteration of milk, 812. Arteries and veins, difference between the,
Adultcration of vinegar, 818 89.

Aerial waves, 196.
Afferent nerves, 177,
Axencles of purification, 201,

“ co&lzumimtion of, by various trades,

danger of over—heatlng, 204,
heating of the, 204.
inspired snd expired, §8.
in respiration, 917.
in the lungs, 97.
as nﬂ'ected by exercise, 852.
Air-cclls,
Albume 184 809.
Alcohol, eﬂ‘eet of, 880,
Allmenury apparatus 83,
canal, 24, 108, 183,
Allmentation, 83,
caily gains of, 183,
“ object of, 189,
Alluvial waters,
Alveoli, 148,
Ammonia. 84, 826.
Amocba, 69.
Amoum of air required for ventilation, 292.
Amphibia, blood-corpuscles of, T1.
Amphioxus, 70.
Ampulle, 10,
Amyloids, 129, 184, 808.
prove injurtous as diet, 185,

ssgrecze

ﬁrterlnl ll:loogl, 8%21.
rtery, hepatic,
“ venal 114,
“ lcnlc, 128,
Articulatio la
Artificial reflex mlons, 254,
Arytenoid cartilages, 171.
Asphyxia, 104
“ causes of, 105,
“ slow, 105,
Atlas, 162.
Atmosphere, constitution of the, 282.
impurities of the, 283. 208,
Atmospheric impuritics, their relations to
e senses, 283,
Atoms, 153,
Andlwry mauscles, 198,
“ nerves, 188, 195,
“ ossicles, 198.
Auditory 8 222,
Auricles, 47.
Auﬂculmventrlcnlm' ring, 50.

valves, 50.
ﬁ;udl!ary food, 818.
is, 1
Axis, cerebro-spinal, 286.
Axis-c linder, 78.
e optie, 230,

Ball and socket-joints, 161,
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Basilar membrane, 190, Bunions;
Beans and peas, 817 Butchen meat, 188.
Beef, 818, Bursal,
Beef-tea, ¢ 824, Butter 812.
Beets, 817. Butter of cacao, 828,

Biceps muscle, 28,
Blcnsfxld teeth, 148,
Bile, 107, 120. 124, 151,
Bile-duct, 120,
Bilin, 123, 124,
g}lllouane;i. 3217,
0]

ST Givistons of, 15.

Bl&ek clothes, 88;;4.
pepper,
Bladder, 110,
Blind spot. 204.
appeurance of, when magnified, 65.
arterial and veuous, 81,
arterial distribution of, 106,
s of the, 83,
circulation of the, 84,
coagulation of the, 66,
composition of the, 77, 81.
eorpusclea of 66.
crystals of
flow of, thronfh the heart, 58,
perversicns of, 879.
poverty of, 379,
puﬂﬂcatlon of, 86,
quantity in the bodg
sources of loss an galn to the,
106, 109,

“thicker than water,” 77,
transfnsion o., 80,
and iymph
Blow on the hend, e!fect of a, 81.
Bluahlnlr
functions of the, 19.

Bonl{ngs

..
sE8 :::::;::::::::g

Bo lnglyrl b, 193;6&
ny lal nt
Brain, 25,
and mind, 858.
anatomy of, 246.
congestion of, 878,
convolutions ot, 248,
diseases of, 856,
hemispheres of, 248,
jufluence of, 563.
Lot S5, o, g0,
nutritive repair o 5
reflex actlons of, 288,
seat of seusation, 82,
sulei of the, 248,
use of,
Bread. 188, 811.
Breast-bone, 29.
%rewater&isir D., $
t's

B e

s, 287,
Bronchl 91. 97, 100
Bronchial tnbe%,
. Brunner's glnn 149
g:ﬁl?ut, 816,

c]

Baffy coat,
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Cacao-beans, 823,
um, 149.
Caffein, 821,
Camera obscura, 209.
Canaliculi, 268.
Canals of the ear, 190,
Canine teeth, 143,
Capillaries, 88, 87.
mu!es or steagz flow in, 58.

“ why puls %s’ss, 5T

Carbonate of llme
- f

Carbonlo acid, 20,
d' as f:’ i%mospheﬂc impu-

28, 299.

288,
Otrbonlcyacid, excretion of, 107,
bl proportion or, in surface

soil, 209,
Ctrbonic acld Szmuty thrown off by the

ungs, 2!
Carbonlc acid, poisonous nature of, 104.
Carbonated waters, 299,
Cardiac dilatation, 145.
Cartilage, 28, 260.
Garancul -I:ghrymalcum e, 217,
runcula is,
Casein, 134, 309.
Catherine wheel, 204,
Causes of dicease, 279,
Cavities of the heart, 48,
Cayenne pepper, 819,
Cel lnrs] fou! Ir of, 287,

Cerebral hemlspherea, functions of the,

Cerebral clrculatlon, disturbance of, 877.
“ nerves, 249,
“ structu.ren, nutrition of, 876.
Cerebro-spim.l nxis, 25, 286.
functions of the, 81,
“ system,
Cerebration, unconscious, 252.
Chalybeate waters, 299.
Changes of the food, 188,
Charcoal a8 & deodcrlzcr, 295,
Oheek Tigaments, 165,
eck-ligaments,
ggee i ? 14.
emis
Chest, Qt:.y'
*  bones of the, 29.
Cbest-wnlla, 92.
Chewin,
Chlorlde of potmlum, 310,

Chlorlne as a dmnfeomt, 296,

Chocolate, 823,

Cholera, 804
“ a8 influenced by byglenic meas-
ures, 270.
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Cholesterine, 124 Corpora striata, 249,
Chondrin, 1;‘4. 260. Corpus callosum, 248,

Chorda tendina, 50, 54
Choroid coat, 210.
Chyle, 43. 151,
Chyme, 149.
Cilla, 91. 154,
“ * movements of tho, 154,
Cillary rrocesses, 210.
“  ligament, 211.
“  mascle, 211,
Ciliated epitheliamn, 253,
g:«:uinductlon, 166, .
rculatory apparatus,
Circulation l;ectcd hy exercise, 846,
compared to a river, 8L

“ course of the, 59,

b evidence of, 8.
Circumvallate ga&illm, 183.
Cistern-water,

Cistern of the chyle, 43.
Clams, 815,
Classification, 16,
Clothing, 332.
“ absorption of molstare by, 333.
: ghildl:'en‘s. 3‘4}“ .
for the age .
gl 0‘2'117& 188, 190.
ochles, A
“  fanction of, 199.
Cochlear nerve, 199,

Cocoa, 828,

Cod-liver oll, 828.

Coffee, 821.

“ adulteration of, 822,
182.

Colic, 826,

Colon, 149,

Color-blindness, 203.

Columnie cornes, 50, 54,

Combination of actions, 29,

Complementary colors, 205.

Complex sensations, 219,

Compression of the chest, 383,
“ of the feet, 838,

Concha, 196,

Condiments, 818.
Conditions intluencing the coagulation
of the biood, 74.
Condy's fluid, 295,
Congestion, 62, 340, 878,
Counjunctiva, 209, 217.
Cunnective tissue, 27, 261,
Consonants, 175,
Consuimﬂon, 326,
Constricting the neck, 385,
Consumption, 288, 828,
“ of oxygen, 188,
Controlling action of the nerves, 83,
Control over the circulation, 60.

“ “  the heart, 62.

“ “ respiration, 99.
Convex lens, 208,
Convolutions of the brain, 248,
Cooking, 828,

Corneas, 209,

Corns, 339.

Coronary arteries and vein, 46.
Corpora quadrigemina, 247,

Corpuscles of bone, 263,
“ of human blood, 266.
“ of spleen, 128,
Costal respiration, 94.
Cotton, 833.
Coughing, 96. .
Crabs and lobsters, 815,
entum, 73.

186.
Cricothyroid muscles, 162.
Cricoid cartilage, 171,
Crucial ligaments, 165.
Crura cerebri, 247,
Crystalline lens, 210, 260.
Cutting tecth, 144,
Cylindrical epithelium, 257,
Cysticercus cellulosus, 330.

Debilitated stock, 885.
Deciduous teeth, 269.
p wells,
Deficlency of fat, 828
Deficient diet, 826.
Deglautition, 144,
Delirium tremens, 223,
Delusions, 859.
D e
“ of the ju en
“ optical 22§.m
Dementia, 869, 810,
Dentine, 267.
Deodorizers, 295.

Dermis& 26,
Descending colon, 149,
Development, 15,
- of blood corpuscles, 69.

Dextrine, 198, 185.
Diaphragm, 24, 47, 98.
Diaphragmatic respiration, 94,
Diaphragm of the eye, 211,
Diarrheen, 826.

“ caused by river-water, 308
Diastole, 52. -
Digastric muscle, 168,
Digestion, artificial. 147.

u how affected by exercise, 847,

“ second, 151,
Disease, old notions of, unfavorable to

hygicnic efforts, 277,
: open-airﬁtreatgl% of, 208, |
propagation o .

% true idea of, 278,

“  causes of, 279. . |
Distillation, 806.
Dorsal chamber, 24. .
Double hinge-joint, 161.
Dressing the body, 885.
Drinking, 145.
Drum of the ear, 198,
Dry air, 285,
Duct, hepatic, 121,
Ducts of the glands, 155,
Ductless glands, 70.
Duodenum, 148,
Dura mater, 237.
Duration of light-improssions, 204,
Durham jail, 805. .
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Durham and Northumberland, colliers of, | Feeling, loss of, 81,
287, Fenestra ovalis, 193,
Bysenml{ % 826, Fiby . gl m’?&.‘nd.' 198,
yspe renogin,
P Ftbreo ot‘ Cortl 189.
Enrthgowbonatca, 818, fanction of, 199,
F!brﬂl 2'(1
Ease in walkinz, 388, Fibrin, 84,
14, Fibro-cartilage, 160, 262,
Economy of mixed dlets, 188 Fibrous tissuo, 27.
Eﬂerent nerves, 177, Filiform papille, 183,
ﬁg, Filte ni 807,
Elbow-joint, 161. Filtration, 807.
Elementary E{ygle 814,
Elimination eat, 189, Fissures of the cord, 287.
Emotion, 60, Fissure of B&&vlua, 248,
Emphyeemn, 28 Flatulence,
namel of the mth, 267, Flesh parasites, 829.
d inm Flexion, 166.
Endoly mph 189, 190, Flour, 816.
Enmemeute, 840. Focus, 208
Entozoea, 805. 21,
Epl\lermla, 26, 257 Food and force, 23.
Eplx 8, 86, 148, Food of children, 821
Lplthalhl cells of the Iter!e%i& Food-st 184.
Eplﬂlellnm. 27, 181. Foot, 29.
Erect l on of mm. b Fore-arm, 168
Essen! ood-smﬁa, Form of the boot, 839.
Etiol 17, Foul air, effects of, upon the course of
Eu cnbe, 141 discase,
functlon of the, 200, Foul air, effects of, upon inherited taints,
Enporatlon, 180 290,
Excees of food, 825, Foul afr, eﬂ“ect of, np- the mind, 291.
Excretion, 83 exico, 304,
Exmﬂons, furms of oxper&:ent with the, 63, .
Excrotion of carbonic acld, 99 108, Frn.r., 818
Excrementitions matter, 21 ;g 806, 824.
Excretory organs, 34. Functions of the spinal nerves, 289.
Exercise, 845. Fungiform papille, 183,
“ amount and time of, 851.
“ eﬂeet ngon cireulation. 846, Galvanic shocks, effects of, 81,
“ digestion. 847, thl-bhddcr, 121, 151,
ot “  “  respiration, 846, Game, 814.
“ « .« gkin, 847, Gangliu, 62
“ excessive, 349. Ganglia, sympathetic, 24.
“ mind in, 848, - (hngllonlc eorsr\ueles, 272,
“ lnsuﬂlclent. 849, Gaseous diffusion, 78
“ rewmedial influence of, 852 Gastric juice. 146.
regularity of, 848, Gelatine, 27, 134, 262, 309,
Exhautlon of the retim, Glands, bucea), 142,
Expiration, " hcbryms 217,
Exploslve eonsonanbe, 178, “ Melbomhn, 21.
Extension, 163, “  parotid, 21
Extra vascular parts, 86.. “  of Lleberkﬂhn. 181, 149,
Exe, 180, 201. “  submaxillary, 142,
ndjnstment of the, 212, 215, “  sublingual, 42,
“ humors of the, 210, Globalin, 62, 76,
Eyeball, 209. Glommerulue\ 118,
Eyeluhes. 217, Iunzngul nerve, 188, 249,
Eyelids, 209, 217. Glotm, 6, 142, 185,
Facial nerve, 249 Gluten, 184, 815,
Fieeces, 21, 83, n‘ 120, 126.
Fascia, 270. Glychooo ic acid, 128,
Fats, 134, 188, 808, Glychocolate of sodn, 124,
Fat-cells, 262, Goats’ mﬂk. 812,
Fat, pure, lnjurlons as diet, 135, Goose-skin, 260.
Fauces, 140. Goitrehor Derbyshlre neck, 127, 805,
Feeling, 178,
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Grassi's experiments, 298,
Gray matter,
Grinding-teeth, 144
Gullet, 141.

Gum, 126, 810.

Hrematin, 68, 72
Hairs, 86, 2.
Halincinations, 85T.
Hard water, 299, 303,
Haversian canals, 264

cad, 23.
“ “movements of the, 163,
Hearing, 180.
bl sense of, 188,
Heart, 21, 83,
beating of the, 56
position, 47.
“  sounds of the, £
¢ atencture of the, 46
“  rhytom of the, 52.
& working of the, 52
worl of
Heat, genemr;ﬁn of, fi&

*  producers, 139,
*  regulation of, 180.

£ e

Hepatic cirenlation, 121,
“  artery, 46,121.
¢ duct, 121,

“  vein, 46, 120.
Hereditary transmission, 882,
“ “  cfhodily defects, 858
“ “ of insanity, 884.
High-heeled boots, 889.

Horripilation, 26.
Human milk, 812,
Human body, structure of the, 28, 25.
“ %" waste and renewal of the, 22,
Humcrus, 164.
Humors of the eye, 210,
Hanger, 21, 826,
Hydrochloric acid, 146
Hydrogen. 21, 134.
Hygiene, 18.
Hygienic ageucics, remedial influence of,

Hyglenic knowledge, effect of, upon the
actions, 281.

Hygroscopic water, 834.
Hyold bone, 171,

Ice-chamher experiment, 20.

Idiocy, 871.

Ileum, 148.

Teo-ceecal valve, 149.

Iliac arteries, 106.

I1llusions, 858.

Imbecility, 878.

Imperfect joints, 159.

Impure water, effect of, upon the senses,

Incisor teeth, 143,
Incus, 194.
Indian corn, 811, 816

Ingrowing toe-nails, 839.
[nEcrlted taints, 290.
Insalivation, 144.
1nsanity, emoticnal, 859.
“ " cauees of, 375, 876
“ precautions as to, 892,
Insensible perspiration, 115, 284.
Ini ment, 26,
Intellect, aterrations of, 857.
Juterarticular cartilage, 161.
Intercostal muscles, 92.
Intermittently active sources of loss, 131.
Intermittent action of the glands, 181.
lutervertebral foramina,
Intestines, 148,
Intestinal circulation, 150.
“ juice, 149,
Intralcbular veinlet, 122.
Invertebrate animals, blood corpuscles of,

0.
Iris, 155, 210.
Iron, 800.

Jaws, the, 148.

Jejunum, 148.

Joints, 29. 159.

Judg ts and i 220,

Jugglers, how they drink standimg en
thelr hoads, 145,

Jumping, 168,

Kidneys, 24, 84, 112. )

Kidneys and lungs compared, 110.

« " yoedullary and cortical parts, 112,
“  ghape and position the, 109,

118,
Knowledge, twofold value of, 275,

Labor, 844.
Lachrymal

gland, 217.
sac, 217,
Lacteals, 48. 152,

Lactic acid, 141,
lacuna, 268, .
Toree atosth 148,152

rgo intestine,

Larynx, €6, 170.

Lateral ligaments, 165,
Lead %oisoning, 801,
Legs, bores of the, 29.
Levator muscle of the cyelid 217.
i&ven of thg?) bgg ,216!;6.

igaments, 29, 161, 262.
LI%ht. 207, .
sensation of, 203,
Light and heavy ciothing. 885,
Lighting, products of, 286
Limbs, 28.
].ime-water, 20.

Limestone-wuters, 299.
Limiting-membrane, 202
Linen, 882.

Lips, 183.

Liver, 24, 120,

s cells, 128,
“ pugar, 125.
Lobules of the liver, 120,

Locomotion, 153.

Long-sight, 218
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Loose olothln&m Motores ocull, 249
Lower jaw, 1 - Mouth, 25, 1.
Lungs, 24, 44. Movements of the jotnh, 166,

> ainount of work done by the, 89 Mucous, 27.

% double function ot the, 84, “ membrane, 27.

“  elastlcity of th: Muffling the thmt. m

“ kklneys, and ski sain, compared, 119, Mnlu plying fluoen,
Lymph, 878, usc es, 28,

corpuscles, 70. insertion of, 16T.
Lymphatlo eaplllaﬂen, 42. “  of the tl!mentary canal, 154,
glands, 42. - “  of the eye, 21
“ system, 126. %  of the
“  of the lym uc vessels, 154,
Mnculn lutea, 201, “  origin of, 167.
ying g 232 “  structure of, 210.

M:ﬂ-lons fevers, Muscuiar eontnetility 154,
Malleus, 193, “ fibres of the arteries, 38,
Malplghlan capsule, 118, “ fibres of the heart, 49,
Mammals, blood-owpuscles of the, 70. : senu, 1332

Man, erect position
M::h, 864.

Marrow, 2!

Mmh-ww 800.
Mastication, 144
Materialism, 834.
Mathematics, 18,

Mawer,s B;I.nence gainod, 124,

Mechanical forece, 21.
Medical management, 80L
Modulla oblongau, 99, 246.
decussation of fibres

Melbon'n‘ian glnnds, 217,

Melancholia, 366.

Membrane of Corti, 190.

Membranous hbyrlnt.h, functions of the,

Mental ncﬁon, modes of, 857.

disease, 879.
evolutlons, 81, 61,
health, 858,

Ith,
hygiene, foundatlons of, 355
lmpclrment. degrces of, 874.
what eonsleta, 835
over-action, evils ot,
under-action,
Mesenterlc lands, 44.

Mllk. smLhe'z
Milk-teet
M(nd, cont.rolllng mer of the, 81.
in exercise,

Mineral allments, 810.

“ Ingrcdlenu of water, 209,
Mitra! valve,

188, 811, 821,

Mixed diel
Modiolus, 1
Moadulatjon of the voice, 174,
Molars, 269.

sFrEzsEESR

Moral insanity, 853.
¢ perversities, 859.
¢ sense," elemenn of, 862,

M holw
M::{%nﬁerves, 177,
18*

Musical nom&

Musk-decr, blovd-corpuscles of the, 71,
Mustard, 819.

Mutton, 818,

Nafls, 86, 258.
Nasal cavities, 141,
“  chaml 185,

“
Nntureea standard of

Negative deflection,
Nerve fibres, 272,

me

Nerve-tissue, structure of, 272.
N enrllemn;ll. wml S’Z,&m
shrnt!on,

Nucleated cell,
Nuclei, 35, 256,
Nutriton, 82,
“ of cerebral structures, 876.

Objects and their visual i 230,
e
Olhgwry nmoa, 184, 186, 249,
8;:01 of the pharynx, 141,
nings e p

0""“ ner‘;e?%m 208, 249,

“  thalami, 248, )
Optlgl s‘;lieluslons, 229,
Organic matter, presence of, in various

Os orbiculare, 194,
Oulﬂudon, 264.

tres of, 266,
Otocon! 18&



neral,
Parke's exgzrlmenu, 208,
Parutid glands, 142.
Parsnips, 817,
Peas nndsb:na, 817,
Pelvls ol the kidney, 112,
Peptio ghnds. 146.
’eriezgl:,ml, 47, ‘m 287,

Pharynx, 40, 185,
Phenome;)gt:' coexistences and sequences

orus, 184, 208,
sflu o( lime, 28,
P'hysiology, dlvlsions ot. 11,

“ 9
Physiological bdu 22,
7 oglss'{ 108,

Pivot-; lnt,I
Plas jou, T2,

Pleura, 90.

Paogast 63, 950.
cumogastric nerve,

Pons Varolil, 247.

Portio dura,

Portio mollis, 249.

Posterior arytenoid muscles, 178,
* nares, 180,

Potatoes, 817.

Potter's asthma, 287.

Poultry, 814.

Practioa) knowledge, 215,
Prodnctlon of volce, 178

°roteids,ni84, 808,

artery, 44,
“ consumption, 288, 200,
veins, 44.

Pulse, 56.
Punctum lusbrymdo. 217,
Purification of air, 291.

INDEX,

Purification cf water, 806.
Purkinje's figures, 201,
us-celly,

Pylorus, 146,
Quality of voice, 174,

of v
Bange e ofu\:e chyle, 43

Beﬂexwtlo 99, 178, 242
n‘nrdﬂn’

Regnlmon of the tem)
Bennl a paratus, 109, 118,

ulation, 114,
Besldlul alr, 97.

affected bz exercise, 346
“ tion compered, 99,
“ different in the two scxea. 95,
“ effect of, upun the circulation,

in children, 103,
mechanism of, 86

Re-pintory sounds, 100
ll;:pmv. on, 38.

Bhythm ol the heart, 52

Rlbs,
so’r
Rlckeu, 821,
River-water, 800.
Roas 824,
Rods an cones, 202
functions of the, 208,

&8

Salamanders, blood-corpuscles of, T1.
Saline eogbctmeea, effect of, on the blood,

Sallvaty plands, 182
Vi
Salts, 188,

Salt meat, 814,
Sand-and-gravel waters, 800,
Sankey’s expertments, 208,
Sanitary congre gl)l.

Scaln media, 188, 190,
“ ty?ndl"i 190,

Bcarf-skin (sce Epldemls)
Soloness, connect! of, 12.

ences, connection
Scleroou, 209.

Sebweous %I 181 116, 250,

Seen.cory g
wtion of, 182,
Semieircular enul 190,



Semilunar valves, 51,
Semtion, 82, 118,
tactile, analysis oﬁ 220,

Sensations and jndfm
Senses, delnalons tho,
g::siuve beach, 85.

50Ty Organs,

“  nerves, 177,
Serum, 78.

Sewage gases, 804,
Shallow wells, 800.
Sheath, 27.
Short-sight, 215.
Shoulder-joint, 161.
8ick-room atm
Sighing, 96.

Blght,

Simple sensations, 219.
Skoleton, 28,

umber of bones in, 20,
Skln 20, 26, 115,116, 119, 847,
respiratory fanction of, i24.
Sknll, 2,
.oep, lnsnﬂlclen 83

8mall inwst.&e, 148
SnLell lg:'cu of a bad, 81.
@ a

“  loes of, 187.

¢ scnse of, 184,

“  semsatiun of, 219,
Smooth m::.oles, 270,

etrati; wer, 208,
Solvent %v‘v):rn of mnegr?o 208, '

f loun
-machines, 174,

sphinoter, 110, 150,
Spinal accessory nerves, 250.

“
column, bones of the, 29.
oord, 24, 287,
“ - oondnctlng wer of, 244,

£ 8

“ (13

« njnrleo o u::ui.

“ nervea, 287,

“ anterior roots of, 239
“ “  functions of, 289,

“ “ terior roots of, 239,

Spieen, 24, 127, 180,
Bpl::!llt‘) mry, 128,

Squinting, 231,
??i'pem""

Ihmh. 126. 185, 810.

ce
Shrntion}%.

States of eonsclomeu, 1’!8.
Sudonary air, 97,

“* composition of, 98.
Stereoscope, 288, pord 4

Stewl
Sumn?g'a, 118,
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Swmach, 145,
cardiac lpertnre of, 145,
Stretched membranes,
Structure of the kldneyu. 11&
Striated muscles, 270.
Subjected sensations, 222, 178,
S abmaiiney gnads, 142
Bubma:;
Subsoil w::?;.%oo
iubstnnoe. loas of, 21,

Snfu
sm%'i,.te of lime, 209.
Sulphur, 184.

“  waters, 209,
Sulphurous acid, 206.
Sulphuretted hydrogen, 804
Supination, 1
gupplem::lul air, 97. 1.

upra-renal capsul -
Sm'hco-pn wate rpe &
Suapensoﬁﬁllpment, 210.

Swullowln%
Bwent-glan s, 116, 181,
quantit, 118,
Sweet-bread,
bympnthetlc nervous 8! ahzega, A,

stem,
vh 29, 13'0
Syno membmnes, 29,
Syntonin, 184, 809,
Systole, 82.

Tactile eorpu!ole 181, 274,
- t;', 188,

Tannic acld, 819.

Tauroeholic acid, 128,

Tape-worm, 880,

Tute, unae of, 188,

“ mnklng of, 820,
« adulteration of, 820.
g eth, %guo, 148,
ee!
cement of, 267.
crowns of the, 148,
dentine of, %’I
1pmem of, 268.
enamel of, 267.
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Temperature, effect og on the blood, 74.
Temporal bone, 183,
Teudons, 167, 262.
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Thirst, 21,
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Tidal air, 97.

Tight boots and shoes, 838,
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Tissue uﬂnbeu, 139,
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Tongueless speech, 176,

Tonsils, 140.

Tonct?. se&se of, 150,

Trachea,

Tmnsfmormntlons of physiological forees,

Tranemission of vibratione, 197.
Transmissions of impressions, 241.
Transudation, 116.

Transverse colon, 149,
Trapezium, 162.

Trichina spiralis, 831
Tricnspid valve, 50.
'l‘rlgemiml nerves, 249,
Trunk, 23.

Tubercular consumptlon, 288,
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Vem cava, 44. 46, 121,
“  portie, 46, 121, 125.
Venoas blood

Venulat?on, 100; 9.92.

THE

Ventllntlon, conditions of, 292, 205.
effects of, in mines, 208.
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L movement of air in, 204.
Ventrsl chamber, 24,
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Ventricles of the brain, 248,
Ventriloquism, 228.
Yermifcrm alppendlx, 149,
Vertebral co umn, 24, 160.
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Vowel sounds, 174,
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THE PHYSIOLOGY .

PATHOLOGY OF THE MIND.

By HENRY MAUDSLEY, M. D., Loxvox.
1 volume, 8vo. Cloth. Price, $4.00.

CONTENTS :

Part I.—The Physiology of the Mind.

CHAPTER 1. On the Method of the Study of the Mind.
“ 2. The Mind and the Nervous System.
% 8 The Spinal Cord, or Tertiary Nervous Centres ; or, Nervous Cen-
tres of Reflex Action.
“ 4. Becondary Nervous Centres; or Sensory Ganglia; Sensorium
Cow

- Commune.
“ 5 Hemispherical Ganglia; Cortical Cells of the Cerebral Hemi.
sphcres: Ideational Nervons Centres; Primary Nervous
ntres; Intellectorium Commune,
- 6. Tho Emotions.
“ 7. Volition.
- 8. Motor Nervous Centres, or Motorium Communc and Actuation or
Effection.
“ 9. Memory and Imagination. :
Part II.—The Pathology of the Mind.
Coar. 1. On the Causes of Insanity. | CmAP. 4. On the Pntholo‘.y of Insanity.
2. On the Insanity of Early Life. “ 5, On the Diagnosis of Insanity.
8. On the Varleties of Insanity. “ 6. On the Prognosis of Insanity.
CaaprTer 7. On the Treatment of Insanity.

¢ The first part of this work may be considered as embodying the
most advanced expression of the new school in physiological psy-
chology, which has arisen in Europe, and of which Bain, Spencer,
Leycoch, and Carpenter, are the more eminent English representa-
tives.”—Home Journal.

“The author has professionally studied all the varieties of insan-
ity, and the seven chapters he devotes to the subject are invaluable
to the physician, and full of important suggestions to the metaphy-
sician.”—. T'ranscript.

¢ fn the recital of the causes of insanity, as found in peculiarities
of civilization, of religion, of age, sex, condition, and particularly in
the engrossing pursuit of wealth, this calm, scientific work has the
solemnity of a bundred sermons; and after going down into this ex-
ploration of the mysteries of our being, we shall come up into active
life again chastened, thoughtful, and feeling, perbaps, as we never felt
before, how fearfully and wonderfully we are made.”—FEvening Gazette
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THE PHYSIOLOGY OF MAN,

DESIGNED TO

REPRESENT THE EXISTING STATE OF PHYSIOLOGICAL BCIENCE,
AS APPLIED TO THE FUNCTIONS OF THE HUMAN BODY.

By AUSTIN FLINT, Jr., M. D.
Alimentation; Digestion; Absorption; Lymph and Chyle.
1 volume, 8vo. Cloth, Price, $4.50.

RECENTLY PUBLISHED.

THE FIRST VOLUME OF THE SERIES

BY
AUSTIN FLINT, Jr., M. D,
CONTAINING
Introduction; The Blood; The Ciroulation; Respiration.-
1 volume, 8vo. Cloth, Price, $4.50.

“Professor Flint is engaged in the preparation of an extended
work on human physiology, in which he professes to consider all the
subjects usually regarded as belonging to that department of phys-
ical science. The work will be divided into separate and distinct
parts, but tho several volumes in which it is to be published will form
a connected series.”—Providence Journal,

It is free from technicalities and purely professional terms, and
instead of only being adapted to the use of the medical faculty,
will be found of interest to the general reader who desires clear
;:ld concise information on the subject of man physical.”—ZEvening

o8t

“ Digestion is too little understood, indigestion too extensively
suffered, to render this a work of supererogation. Stomachs will have
their revenge, sooner or later, if Nature’s laws are infringed upon
through ignorance or stubbornness, and it is well that all should un-
derstand how the penalty for ‘high living’ is assessed.”— Chicago
LEvening Journal,

“A year has elapsed since Dr. Flint published the first part of
his great work upon human physiology. It was an admirable treatise
—distinct in itself—exhausting the special subjects upon which it
treated.”—Philadelphia Inquirer. '
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A NEW

CLASS-BOOK OF CHEMISTRY.

BY EDWARD L. YOUMANS, M.D.

460?&39..} 910 Engravings. Prioce $175.

The Class-Book of Chemistry, published some ten years ago, has been rewritten, re
lustrated, and much enlarged, and now appears as an essentially new work. Its aim
i to present the most important facts and principles of the science in their latest as-

- pects, and in such s manner as shall be suitable for purposes of general education. This
volume trings up the science to the present date, incorporating the new discoveries, the
norrected views, and more comprehensive principles which have resulted from recent
Inquiry. Among these may be mentioned the newly-received doctrines of the nature
of Heat, the interesting views of the Correlation and Conservation of Forces, the die-
coveries in Spectrum Analysis, and the new and remarkable researches on the artificial
.production of organic substances, and on the crystalloid and colloid conditions of mat
ter, with many other results of recent investigations not fouud in contemporary text-
books.
-For philosophical accu: of arrangement, clearness of statement, and felict -
lnmtign, the pCthookrmnmrpmd.m—l& Y. Teacher. N y ot

Prof. Youmans possesses a rare faculty for bringing the intricacies of science right
within the comprehension of the mnuea{;f readers, and his book ts all ﬁ:ﬁn-
terest of a novel.—Boston Post. .

The most recondite topics are placed in a transparent light before the common mind,
the language is eminently choice and attractive, not an unwieldy paragraph, scarcely a
superfluous word can be found from the beginning to the end of the w aad, in spite

of the extrelam y ﬂﬁf pr ion, ft%ller:l is no app ";gwmtntnt :lr loﬂgg, ng
every page flows sm and grace o, & rare model o an
vry le didactic stat th ”.Y.Tr&guu.&

The chapters on the Mutual Relations of the Forces, and on the Dynamics of Vi
table Growth, are alone worth the price of the volume.—B. F. Leggett, Prof. Nat.
Science, Whitewater College, Ind.

The prescnt volume exhibits plentiful traits of what we believe we have before
called Prof. Youmans' educational genlua—Methodist Quarterly Review.

Unrivalled as a practical treatise. Its introduction on the “Origin and Nature of
Belentific Knowledge ” should be read by every teacher.—Mass. Teucher. :

One of its peculiar merits is that ¢¢ can all be taught.—Prof. Phelps, N. J. Nor-
mal School. .

Clesr, accurate, recent, and imbued with the enthusiasm of its author.—R. M. Man-
ley, Pres. N, H. Fem. College.

It 13 eminently terse and eompu:a 18 amply and lucidly illustrated, and few cf our
many class-books that have crossed the ocean and been welcomed in Europe, are calca-
ln.e!to do us more credit than this admirable work,—N. Y. Independ

A thorough perusal of the boek enables us to pronounce it the best elementary
chemistry that has been written in our language. It is penetsated by a fearlcss yet dis-
eiplined scientific :Etrlf, and is completely up to the level of the latest discoveries in
‘the scienee of which it treats, We have read it with all the interest usually given to
romnnce,—New Nation.

This manusal is disf ished from most other Class-books in setting almost wholl;
asido what is merely nical and experimental, for the sake of the completest possible

.exhibition of the principles of the subject. For the thorough student, and even for the
general reader, 8 caremf lucid, and connected exposition of the new views was needed,
such as we are glad to acknowledge in the present volume. The author has given an
intellectual value to his treatise very much above the standard aimed at in simiar
works.-~Christian Feamines.
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Chemical Atlas:

Or, the Chemistry of Familiar Objects. Exhibiting the General Princi-
ples of the Science in a Series of Beautifully Colored Diagrams,
and accompanied by Explanatory Essays, embracing the latest
views of the Bubject illustrated. Designed for the use of Students
in all Schools where Chemistry is taught. By EDWARD L.
YOUMANS. Large Quarto, 105 pages.

The Atlas is & reproduction (in book form), and a continuation of the
mode of exhibiting chemical facts and phenomena adopted in the author’s
‘¢ Chemical Chart.” The application of the diagrams is here much extended,
occupying thirteen plates, printed in sixteen colors, and accompanied by
100 quarto pages of beautifully printed explanatory letter-press. It isa
Chart in a portable and convenient form, containing many of the latest
views of the science which are not found in the text-books, It is designed
as an additional aid to teachers and pupils, to be used in connection with
the author’s *Class-Book,” or as a review, and for individuals who are
studying alone.

It is intended to accompany the author’s Class-Book of Chemistry, but
it may be employed with convenience and advantage in connection with any
of the school text-books on the subject.

- From the Home Journal.

“Here we have science in pictures—Chemistry in diagrams—eye- dissections of all
the common forms of matter around us; the chemical composition and properties of
all familiar objects illustrated to the most impressible of our senses by the aid of colors.
Els isa b&t:dﬁhfﬂ ll)oo}.. and as l‘linglnl ;!s itis bﬁfuﬂmr' lﬁr Yoéumm'hu ‘l;}t upon a

me of sim an n, out the profoundest abstractions en
lop 4 theymlmmﬂmnéw p bans} ofp“" " oo

From the Utica Morning Herald.
“An excellent idea, well carried out, The style is lucid and happy, the definitions
concise and clear, and the illustrations felicitous and appropriate.”
From the Lawrence Sentinel.

“We have devoted some little time in looking over this Atlas, and comparing its
relative merits with similar treatises heretofore published, and feel bound to accord to
it the highest degree of approbation and favor.” '

From Life Illustrated.
“This method of \ulng the eye in education, though not the royal road to knowledge,
1s really the le’s railroad—a means of saving both time and labor. This work is

‘worth for actual instruction in common schools far more than a set of apparatus, whieh

the teacher might not be able to use, while every one can teach from the Atlas, We

rrononnog it, without exception, the best popular work on Chemistry in the English
Anguage.

From the New York Tridune.

“Mr. Youmans is not a mere routine teacher of his favorite sclence; bhe has hit
upon novel and effective methods for the il tion of its princijles. In his writings,
as well as his lectures, he is distinguished for the comprehensive order of his state-
ments, his symmetrical arrangement of solentific facts, and the happy manner in which
he ad 8 the intellact through the medium of ocular demonstration. In this last
vespect, bis method is both origiual and singularly ingenious,”
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Chemical Chart.

By EDWARD L. YOUMANS, M.D. On rollers, 5 feet by 6 in size
New Edition.

This popular work accomplishes for tne first time, for Chemistry, what
maps and charts have for geography, geology, and astronomy, by presenting
a new and valuable mode of illustration. Its plan is to represent chemical
composition to the eye by colored diagrams, so that numerous facts of pro-
portion, structure, and relation, which are the most difficult in the science,
are presented to the mind through the mecdium of the eye, and may thus
be easily acquired and long retained. The want of such a chart has long
been felt by the thoughtful teacher, and no other scientific publication that
has ever emanated from the American press has met with the universal
favor that has been accorded to this Chart. In the language of a distin-
guished chemist, ‘Its appearance marks an era in the progress of the
popularization of Chemistry.”

It illustrates the nature of elements, compounds, affinity, definite and
multiple proportions, acids, bases, salts, the salt-radical theory, double de-
composition, deoxidation, combustion and illumination, isomerism, com-
pound radicals, and the composition of the proximate principles of food.
It covers the whole field of Agricultural Chemistry, and is invaluable as an
aid to public lecturers, to teachers in class-room recitation, and for reference
in the family. The mode of using it is explained in the class-book.

From the lats HorACE MANKX, President of Antioch College.
“1 think Mr. Youmans is entitled to great credit for the proparation of his Chart,
because its use will not only facilitate acquisition, but, what 18 of far greater import-
ance, will increase the exactnees and precision of the student's el tary ideas.”

From Dr. JosN W. DRAPER, Professor of Chemistry in the University of N. Y.
“Mr, Youmans®’ Chart seems to me well adapted to communicate to beginners a
knowledge of the definit binations of chemical sub , and a8 o prelimi
to tho use of symbols, to aid them very much in the roooll.ectlon of the en.mples lt
contains, It deserves to be i duced into the schools,”

“Wae cordially subseribe to the opinion of Profe Draper ing the va:ae
to beginners of Mr. Youmans’ Chemical Chart.
Jonx TorrEY, Prof. of Chemistry in the College of Physicians & Surg. N. Y.
‘Ww H. ELLET, late Professor of Chemistry in Columbia College, S. C.
James B. Roakes, Professor of Chemistry in the University of Pennsyloania.”

From BENJAMIN S1LLIMAN. LL.D. Professor of Chemistry in Yale College,
‘I have hastily examined Mr. Youmans’ new Chemical Diagrams or Chart of
chemical combinations by the union of the elements in atomic proportions. The desigs
sppears to be an excelleunt one.” )
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The Hand-Book of Household Science.
A TPopular Account of Heat, Light, Air, Aliment, and Cleansing, in
their Scientific Principles and Domestic Applications, - By E. L.
YOUMANS, M.D. 12mo, Illustrated, 470 pages.

Various books have been prepared which cross the field of domestic
science at different points, but this is the first work that traverses and
occupies the whole ground. Hardly a page can be opened to that does not
convey information interesting and valuable to every person who dwells in a
house. The work will be found not only of high practical utility, but capti-
vating to the student, and unequalled in the interest of its recitations.

From the Superintendent of Public Instruction in the State of Pennsylvania.

“The daily and honrl{ importance of the topics embraced in the work, their im-
perious claims upon public attention, and their intimate connéction with individual
and social wel together with the pendious g t and copious ful of
information presented, and the cautious wcnrwti and gzeclaion of statement, make it 8
publication of the highest practical value for both the honsehold and the school.

“Yery respectfully yor
“Prof. EDWARD L. YOUMANS, i yﬁEuﬁY C. HICKOK.”

From the Superintendent of Schools of the State of New York.

%It embodies scientific inf tion of the highest importance, with much
eare, and 8o clearly stated that even the ordinary mind can scarcely fail to grasp and
retain the truths it unfolds and fllustrates. It would prove a most valuable class-book
in our high schools, and I am satisfied that an ination into its merits would result
in its general introduction into such institutions. V. respectfully yours, -

“H. II. VAN DYCK, Superintendent Public Instruction.”

From the Springfield Republican.

“It is the work of a man thoroughly sctentific and thorougly practical. It is no
exinvquoe to say that a mastery of its contents will secure & better knowl of
the applications of Cbemistry, Physivlogy, and Natural Philosophy, to life and life’s
ooncerns, than the combined treatises upon these subjects whiclf are usually found in
our school-rooms.”

From the Detroit Advertiser.

“This is one of the most valuable and important books that has of late been issued
from the press. It will do more to elevate and connect the ordinary duties of house-
hold life with the domain of science than any other work yet published. It is so ar-
ranged that the general reader and the man of science may refer to it with satisfaction ;
but it is also a book which ought by all means to be introduced in our schools, and
which every young woman who expects to be any thing more than a doll or parlor
sutomaton, should study and become as familiar with as she is with her prayer-book.™

From the Philadelphia Saturday Courler.

“Few lize—few p Mﬁ‘,n to realize—the importance of thomnghx
underatanﬁlng the nature and effects ofl;ﬁ_ t, heat, air, and food; yet the value of su
knowledge can hardly be overstated. . Youmans® work is the clearest and fullest
exposition of science in those relations that has yet appeared. -School committees and

directly interosted in education, who have long been searching for a work of
this kind, will rejoice to find the fruit of their quest in this manual. It is a valuable
book, written for a valuable purpose: the desire to lift our ordinary domestio life inte
e dignity of intelligence pervades it throughout, and tinctures it in the grain.”
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THE
Correlation and Conservation of Forces.

‘WITH AN

INTRODUCTION AND BRIEF BIOGRAPHICAL NOTIOKS,

By EDWARD L. YOUMANS, M.D. 12mo, 490 pages.

—
CONTENTS.
L By W. R. Grove, The Correlation of Physical Forces.
II. By Prof. Heumortz, The Interaction of Natural Forces.
IIL By J. R. Maver. 1. Remarks on the Forces of Inorganic Nature.
2. On Celestial Dynamics.
8. On the Mechanical Equivalent of Heat.
IV. By Dr. anu. Some Thoughts on the Conservation of Forces.
V. By Prof. Liksia. The Connection and Equivalence of Forces.
VL By Dr. CarrENTER. The Correlation of the Physical and Vital Forces,

“This work is a very welcome addition to our scientific literature, and will be
particularly acceptable to those who wish to obtsin a popular, but at the same time
precise and clear view of what Faraday justly calls the highest law in physical science,
the principle of the conservation of force. Sufficient attention has not been paid to the
publication of collected monographs or memoirs upon special subjects. Dr. Youmans®
work exhibits the value of such collections in a very striking manner, and wo earnestly
hope his excellent example may be followed in other branches of science."—American
Journal of Soience. .

“It was s happy thought which suggested the publication of this volume. The
question is often asked, and not so easily answered, What are the new doctrines of the
Correlation and Conservation of Forces? In this volume we have the answer, and
with the reasons of its chief expounders; those who are ignorant on that theme, can
thas question the original authorities,”—New Englander.

“We here have the original expositious of the new Philosophy of Forces, accompa-
nied by an excellent exposition of both the expositions and the expositors; the whole
will be a rare treat to the lovers of advancing scientific thought."—¥ethodisé
Quarterly Review.

“This is, perhaps, the most remarkable book of the age. We have hero the latest
discoveries, and the highest results of thought concerning the mture, lnws. and con-
nections of the forces of the universe. No higher or more subli can
the intelloct of man than is dis d by these doctors of sci lntent alone on arrtv-
fag at the truth."—Detroit Free Press. ’

“This work presents a praiseworthy specimen of complete and faithfil authorship,

snd its publication at this time will form an epoch in the experience of many thinking
wminda"— {duna
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Class-Book of Physiology.

By B..N. Comivgs, M. D., Professor of Physiology, Chemistry, and
Natural History, in Connecticut State Normal School. 12mo. 824
pages.

Revised Edition, with an Appendiz.

Professor Comings’ thorough acquaintance with every department of
Physiology, and his long experience as a teacher of that science, qualify
bim in an eminent degree for preparing an accurate and useful text-book on
the subject. He has lost no opportunity of introducing practical instructions
in the principles of hygiene, thus not only making the pupil acquainted with
the wonderous workmanship of his own frame, but showing him how to
preserve it in a sound and healthy state. Avoiding technical terms, as faz
a8 possible, he has brought the subject fully within the comprehension of
the young, and has clothed it with unusual interest, by judicious referencea
to the comparative physiology of the inferior animals. Pictorial illustrations
have been freely introduced, wherever it was thought they could aid or interest
the student.

Physiology cannot but be considered, by every intelligent and reflecting
mind, an exceedingly interesting and necessary study. It makes us ao-
quainted with the structure and uses of the organs of life, and the laws by
which we may keep them active and vigorous for the longest period. The
publishers would respectfully urge its importance on such teachers as have
not heretofore made it a regular branch in their institutions; and would
solicit, at the hands of all, an impartial examination of what is pronounced
by good judges, ‘ the best elementary text-book ” on the science.

From M. Y. BRowN, Principal of Webster School, New Haven.

4 [ have used Comings’ Class-Book of Physiology for nearly two school terms in the
First Department of my school. I am happy to say that I regard it the best text-book
on this important branch with which I have any acquaintance. The subjects are system-
stically ged; the principles, facts, and ﬂlnst.rations, are clearly represented to the
pupil. I find that his {ntroduction of Comparative Anatomy and Physics tends greatly
to increase the lntereet of the pupil in this most important and necessary study. 1
therefore can ch Iy d this admirable work to my fellow-teachers as one
of rare excellence, and hope it may take the rank it deserves as a text-book upon this
subject.”

From ABrAanAM POWELSON, JB., Teacher, Brooklyn, New York.

. % After a very careful examination cf the Class-Book of Physiology by Comings, I
o1n freely say that I consider it a performance of superior excellence. It embodies s
fund of information surpassing in 1mportanco and variety that of any other work of the
kind which has come under my notice.”













Standard Hduocational Works,

Marshall’s Book of Oratory. PartL Part IL
Markham?’s History of Emngland. Revised by Eriza
RoBpiNs. 12mo. 887 pages.
Mangnall’s Historical Questions. 12mo. .
Mulligan’s Exposition of the Grammatical Struc-
ture of the English Language. Large 12mo. 574 pages
,Otis’ Easy Lessons in Landscape Drawing. In 6
Parta. Parts 1., 1L, and IIL, 1V, V., and VL
cents. The Six Purts bound in 1 volume,
DBrawing-Books of Animals. In 5 Parts
Parts L and 1L, 111, © IV.and V.,
The Five Parts bound {n one volume.

Perkins’ Mathematical Works, Consisting of:

PRIMARY ARITHMETIO. 18mo. 160 pages.

ELEMENTARY ARITHMETIO. 16mo. 347 pagea

PrAOTIOAL ARITHMETIO. 12mo. 856 pages

KxY 10 PRACTIOAL ARITEMETIO. 324 pagea

HieHER ARITHMETIO. 12mo. 824 pages

ELEMENTS OF ALGEBRA. 12mo. 244 pages.

TREATISE ON ALGEBRA. 8vo. Bheep. 420 pages.

ELEMENTS OF GEOMETRY. 12mo. 820 pages.

PLAXE AND Sonip GEoMETRY. To which are added, Plane
and Bpherical Trigonometry and Mensuration, accom-
panied with all the necessary Logarithmic and Trigono-
metric Tables. Large Svo. 443 pages.

PLANE TRIGONOMETRY, and its application to Mensuration
and Land Surveying, accompanied with Logarithmic
and Trigonometric Tables. 8vo. 3828 pages.

Quackenbos’ Standard Text-Books, Consisting of:
First LEssoNs I CoMPosITION. With Rules for Punctoa-
tion and Coplous Exercises. 12mo. 182 pages.
ADvaNcED Course OF COMPOSITION AND RaEromrc. A
Serles of Practical Lessons, 12mo. 450 pages.
ExevLisn GeamMar. 12mo. (Just Published.)
Proary HisTorRY oF THE UNITED StATES. Made easy
for beginners. Child’s quarto. 200 pages.
ILLusTRATED Scmool HISTORY OF THE UNITED BTATES.
‘With maps, battle-flelds, &e. 12mo. 460 pages,
A NaturaL PrrLosormy. Exhibiting the application of -
Scientific Principles in every-day life. 12mo. 450 pages,
Reid’s Dictionary of the English Language.
Robbins’ Class-Book of Poetry. 16mo. 252 pages
Guide to Knowledge. 16mo. 417 pages.




Standard Educational Works.

Roemer’s Polyglot Reader. B vols. 12mo. Consisting of
a Series of English Extraets, translated into French, German,
Spanish, and Italian respectively. The several volumes designed
as mutual Keys to each.

Shakesperian Beade;. By Joux W. 8. Hows. 12mo.

Schmidt.—Course of Ancient Geography. Arranged
with special reference to conveni of recitation. By Prof H.
L ScumipT, B.D., of Columbia College. 12mo. 828 pages.

Spalding’s History of English Literature.

Schwegler’s History of Philosophy. An Epitome.
By Dr. ALBeRT ScCEWEGLER. Translated from the original Ger-
man, by JuLius H. 8EELYE. 12mo. 865 pages.

Sewell’s First History of Greece. 18mo. 858 pages.

Child’s First History of Rome. 18mo.

Tenney’s Analysis of Derivations and Definitions
of English Words. (Just published.) .
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